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Digestive tract immunity was first observed by Ehrlich in 1891; 
and Davies (1922) found that the fecal antibody appeared earlier than 
circulating antibody in human bacillary dysentery. However, it was 
ignored for many years because the digestive tract mucosa was thought 
to be a natural barrier preventing the absorption of antigens. 
Fortunately, recent information on structure and functional mechanisms 
of the secretory antibody system and the bursa of Fabricius of birds 
has elicited extensive research into gut immunity. 
Recent work on gut Immunity has focused on lymphoid tissues 
known as gut-associated lymphoid tissue (GALT). This work has related 
mainly to Peyer's patches (PP) because of their structural similarity 
to the bursa of Fabricius. Peyer's patches are aggregates of lympho­
cytes in the lamina propria and submucosa of the intestine. They 
contain germinal centers, internodular areas, dome areas, and dome 
epithelium. Progress in morphologic studies of the PP was made by 
the discovery of M-cells in the dome epithelium of the small intestine 
of many mammals. These M-cells are specialized epithelial cells which 
enclose lymphocytes, have pinocytotic activity and are suggested to 
play an important role in the interaction of luminal antigens with 
the immune system of the gut. 
Another important component of the immune apparatus is the inter-
epithelial lymphocyte (lEL). These cells are thought to migrate from 
the intestinal lamina propria to positions between intestinal absorptive 
2a 
epithelial cells. There have been many theories developed about the 
functions of lEL; however, none can fully explain the existence of 
the cells in the intestine. 
Transmissible gastroenteritis (TGE) of swine has been in the 
United States for over thirty years (Doyle and Hutchings, 1946). 
However, because of the lack of efficient prophylaxis and treatment, 
this disease still causes serious losses to the swine industry. The 
causative virus of this disease is believed to attack only the 
intestinal absorptive epithelial cells. Specific antibody has been 
found to be secreted into the intestinal lumen as well as in milk 
of swine infected by TGEV. However, how and where the virus interacts 
with the immune system to initiate an immune response has not been 
determined. 
A complete understanding of the protective role of the immune 
system in swine against gut infection is still not available. There 
are several lymphoid tissues or cells in swine intestine which may have 
some role In gut immunity, but available information does not allow 
us to draw a complete picture of the function and mechanisms of action 
of the lymphoid tissues. Lymphoid tissues in the small intestines of 
a variety of animals have been carefully studied but very little 
information about lymphoid tissues of swine is available. 
The present experiment was conducted to obtain information about 
GALT; specifically concerning the PP and lEL in the small intestine of 
swine and the effects of ages and TGE infection on these tissues. 
2b 
This thesis consists of an introduction, a literature review, 4 
separate manuscripts, a general conclusion, general references, and 
acknowledgments. The PhD candidate, Redman Rea-Min Chu is the senior 
author and principal investigator for each of the manuscripts. He 
also performed all of the experimental procedures which are reported 




Digestive tract immunity was first observed by Ehrlich in 1891; 
however, it was ignored for many years because the digestive tract 
mucosa was thought to be a natural barrier preventing the absorption 
of antigens. Opinion held that antigens entering the body by way of 
the digestive tract could not be recognized by the immune system. 
Fortunately, recent information on the secretory antibody system and 
the bursa of Fabricius of birds has elicited extensive research into 
gut immunity. 
A complete understanding of the role of the immune system in swine 
in protection against gut infection is still not available. There are 
several lymphoid tissues or cells in swine intestine which may have 
some role in gut immunity, but available information does not allow 
us to draw a complete picture of the function and mechanisms of the 
lymphoid tissues. 
Antigen within the lumen of the gut can stimulate an immune re­
sponse which is manifested both locally in the intestine and systemlcally 
throughout the body. Thus, a study of the mechanisms of gut immunity 
should in theory Include not only all lymphoid cells from mouth to anus 
but also other lymphoid tissues peripheral to the gut such as spleen 
and mesenteric lymph nodes. 
Recently much emphasis has been placed on the importance of local­
ized humoral immunity in the gut and the predominance of IgA producing 
cells in the gut mucosa. 
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Three Important components of the Immune system which play roles 
In gut immunity are discussed here. They are interepithelial lympho­
cytes (lEL), Peyer's patches (PP) and secretory IgA. 
Interepithelial Lymphocytes 
History 
Weber (1847) first demonstrated the presence of small round cells 
within the epithelium of the small intestine, and Edinger (1877) later 
recognized those cells as leukocytes. Since their discovery, there 
has been controversy about these cells. Eberth (1864), Hessling (1866), 
Wolf-Heidegger (1939) and Amstein (1867) believed that these cells had 
the ability to cross the epithelium; Davidoff (1887) and Hellman (1934), 
however, disagreed with this migration theory. A theory of trephocytic 
function of lEL, whereby nutrients are transferred from cell to cell by 
budding dialysis or cytolysis, was introduced by Carrel (1924). Bunting 
and Huston (1921) suggested that lEL were migrating as part of a process 
whereby lymphocytes are eliminated from the body via the intestinal 
lumen, but Erf (1940) found that lymphocytes disappeared in animals from 
which the intestines had been removed. 
A protective function of these cells against intestinal bacteria 
was proposed by Waele (1899) and Hellman (1934), who also believed that 
the intestinal flora attracted lEL. Fichtelius (1967) was the first to 
consider the lEL as a possible immune structure. 
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Location and morphology 
Electron microscopic (EM) examination has established that lEL are 
located between the Intestinal absorptive cells rather than within the 
plasma membranes of those cells (Meader and Landers, 1967). The term, 
Intereplthellal lymphocytes. Is apparently more appropriate than the 
term, Intraepithelial lymphocytes. Intereplthellal lymphocytes may be 
positioned In the supranuclear, subnuclear, or nuclear level relative 
to the nuclei of the Intestinal absorptive cells. For example, supra­
nuclear means above the nuclear level of absorptive cells. Most authors 
agree that over 95% of lEL are found in the subnuclear position (Meader 
and Landeis, 1967; Darlington and Rogers, 1966). Intereplthellal lympho­
cytes are also seen crossing disrupted basement membrane, presumably in 
passing from the lamina propria to the epithelial layer (Toner and 
Ferguson, 1971). 
These cells are not limited to the intestine. They can also be 
found in the kidney (Bohle et al., 1970), bronchial mucous membrane, 
AW ^ 4* ^  *f « WW f «f a 1 e* ^ 4 ^  e ^ 4 ^  1 ^ f 4 
and Guelfi, 1969), salivary gland and biliary duct epithelium (Hayward 
et al., 1968). 
These lymphocytes are generally larger than peripheral or circulating 
lymphocytes. Morphology of IEL in small intestines of mice (Marsh, 1975) 
was found to range from small or medium lymphocytes to large blast forms. 
The cells usually have irregular boundaries, sparce cytoplasm and darkly 
stained nuclei. According to Rudzik and Bienenstock (1974), one fourth 
of the IEL in the gut mucosa of rabbits contained metachromatic, cyto-
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plasmic granules which could be stained by alcian blue at low pH, 
toluidine blue, and non-specifically by a goat anti-rabbit IgA-fluorescein 
conjugate. These granules could also be found in the intestines of rats 
and mice (Collan, 1972; Ropke and Everett, 1976). The specific function 
of these cells was not fully understood. 
Electron microscopy of lEL reveals a few mitochondria, a few free 
ribosomes, some rough endoplasmic reticulum and a well-developed Golgi 
apparatus. Cell membranes of lEL are usually intimately associated with 
absorptive cell membranes. Andrew (1965) even reported the presence of 
junctions between lymphocytes and epithelial cells; however. Toner and 
Ferguson (1971) found no specialized adhesions or junctions between these 
cells. Otto (1973) proposed that a structural alteration was present 
at the molecular level in both cell membranes resulting in the formation 
of a communication attachment (nexus junction) without cell fusion. It 
was hypothesized that these junctions facilitated migration of ions or 
larger molecules from cell to cell and, since they were found only in 
certain pathologic conditions such as Crohn's disease, a cytotoxic 
function of lEL was presumed. 
Origin of interepithelial lymphocytes 
Most workers believe that lEL are lymphocytes which have migrated 
from the lamina propria (LP) of the intestine. Several facts support 
this conclusion. For instance, IEL have ameboid activity (Toner et al., 
1971) and there is a close relationship between the number of lEL and 
intensity of cellular inflammation (Walke, 1972). The subnuclear 
I 
7 
position of the preponderance of lEL (Header and Landers, 1967; 
Darlington and Rogers, 1966) also favors this conclusion. 
Recently it was found that intestinal epithelium of congenitally 
athymic nude mice contain very few TEL. This suggests that lEL are 
of T-cell origin (Parrott and Ferguson, 1974). Secondly, the number 
of lEL was reduced markedly in T-deprived mice (Ferguson and Parrott, 
1972). The few IEL found in T-deprived animals were thought to be 
residual T-cells resulting from incomplete depletion by X-irradia-
ation. However, it is difficult to explain the presence of intracellular 
granules containing antibody within some of the lEL. Sprent (1976) 
demonstrated that 20% of donor cell derived, host-reactive T-cells from 
the thoracic duct homed to the intestine and that, of these, 40% homed 
to the PP. Some also were found within the epithelium. Guy-Grand 
et al. (1974) used various histochemical techniques, such as fluorescein-
labeled T-cell markers and isotope-labeled Immunoblasts to demonstrate 
that the majority of the lEL were of T-cell origin. It was concluded 
that most, if not all, IEL are T lymphocytes. 
Fate and function of Interepithelial lymphocytes 
Interepithelial lymphocytes may be cells that are migrating from 
the lamina propria to the lumen, or they may function as immunocompe­
tent cells which migrate from the lamina propria to the lumen and back 
to the lamina propria again after fulfilling their function. A third 
possibility is that they may degenerate within the epithelium. There­
fore, the fate of lEL probably depends on their function. 
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Otto (1973) proposed that the functions of lEL are heterogeneous 
and that there are at least three functions: 
1. Memory cells: lEL increase in size and proliferate after 
secondary infection. 
2. Antigen-reactive cells: after reacting with antigenic sub­
stances, the antigen-reactive cells promote the transforma­
tion of precursors of antibody-producing cells. 
3. Nurse cells: The task of the nurse cell is to concentrate 
antigenic substances and to transfer them in adequate form to 
antibody-producing cells. 
Although the discovery of M-cells in the dome epithelium of PP 
(Owen and Jones, 1974a,b) decreased the possibility of lEL being the 
immunogenic cells which make the first contact with antigen in the 
intestinal lumen, it is still too early to rule out this theory. 
Other theories implicating the lEL as a killer cell (Ezeoke, et al., 
1974), mast cell, bursa equivalent or marker of a local cell-mediated 
immune reaction (Ferguson, 1974) were also proposed. However, because 
of the lack of supporting information and of consistent evidence, none 
of these ideas are tenable. Ferguson (1977) recently suggested that 
IEL are just unarmed and dedifferentiated T-cells which have the abil­
ity to combine with antigens and which have no further functions. 
Factors which affect migration to the mucosa 
One of the most attractive theories is that the presence of the 
f 
lEL corresponds to the presence of antigen; Grabbe et al, (1970) found 
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far less lEL in germ-free animals than in conventional animals.. 
Mavromichalis et al. (1976) demonstrated that lEL numbers were in­
creased in children suffering from coeliac disease and suggested that 
lEL did respond to luminal antigen. However, in isografts of fetal 
small intestine implanted in the subcapsular region of kidneys, a re­
gion devoid of exposure to luminal antigen, the intestinal epithelium 
was still infiltrated by T-dependent and T-independent lymphocytes 
(Ferguson and Parrott, 1972; Guy-Grand et al., 1974). This was also 
true for grafts of gut placed under the skin (Moore and Hall, 1972). 
All immunoblasts, regardless of their origin, can readily traverse 
capillaries. However, immunoblasts from peripheral lymph nodes acti­
vated by oxazolone or other antigens do not home to the lamina propria 
(Rose et al., 1976). Lymphoblasts from mesenteric lymph node migrate 
to gut mucosa independent of antigenic stimulus (Parrott et al., 1975; 
Guy-Grand et al., 1974). However, antigen does influence the number 
of lymphoblasts in the gut (Parrott et al., 1975). Based on Ogra and 
Karzon's (1969) findings in which local antigen stimulated local antibody 
production, Parrott (1976) suggested that antigen stimulates the final 
differentiation or the multiplication of immunoblasts in the gut and 
therefore inhibits their return to the blood stream. There is no sound 
evidence to disprove the theory that immunocytes pass through capillaries 
regardless of source, but these cells do not accumulate in gut mucosa 
unless they stem from the appropriate, nm-peripheral source. 
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The influence of age on activity of lEL is not well elucidated. 
Ferguson and Parrott (1972) found that mouse lEL were not present in 
isografts of fetal intestinal epithelium until the grafted fetal tissue 
reached about 3 weeks of age. Therefore, age may be a factor in the 
attraction of circulating lymphocytes to the intestine. 
Because the number of lEL increases in some gastrointestinal 
diseases, it is suggested that counting of lEL may be used as one of 
the criteria for diagnosis of certain enteric diseases. However, the 
lack of standardized methods and the time required preclude application 
in routine diagnosis. 
Peyer's Patches 
History 
Peyer (1682) in his letters to Academic Natural Curiosorum described 
the lymphatic nodules located in the ileal wall. It was thought at that 
time that these nodules functioned in the secretion of digestive juice. 
Since then these nodules have been designated as Peyer's patches (PP). 
Archer et al. (1963) first proposed that, based on morphologic and 
functional evidence, the PP in the cecum of the rabbit might be analogous 
to the bursa of Fabricius in birds. Subsequently, considerable effort has 
been placed on the study of this tissue as a component of the immune 
apparatus. 
Morphology 
Peyer's patches are aggregates of lymphocytes in the lamina propria 
extending to the submucosa of the small Intestine. They contain germinal 
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centers referred to as B-cell areas, and intemodular areas referred 
to as T-cell regions. Parrott and Ferguson (1974) stated that the 
dome area, the zone close to the muscular layer, and the intemodular 
zone in PP had the open meshwork-reticulum pattern characteristic of 
a T-cell region. The overlying epithelium in dome areas differs from 
that in other parts of the intestine. The cells are cuboidal (Faulk 
et al., 1971) and some have surface microfolds instead of microvilli 
(Owen and Jones, 1974a,b). These cells were named M-cells because of 
membranous cytoplasm which forms a lattice work and embraces a few 
lymphocytes. In some areas, there is less than 3 jxm of the cytoplasmic 
barrier of the M-cells between the lymphocyte and the lumen. Owen and 
Jones (1974b) stated that the lEL could react directly with antigen 
without leaving the dome epithelium. The M-cells contain Golgi apparat­
us, mitochondria, glycogen, interdigital cytoplasmic processes, and 
many cytoplasmic vesicles. Usually lEL are more numerous and appear 
earlier in life in PP dome epithelium than elsewhere in the small intes­
tine. Parrott (1576) postulated that lEL in dome epithelium were part 
of the affector arm of the immune response and that lEL elsewhere were 
part of the effector arm. 
Both B-cells and T-cells enter PP through post-capillary venules 
which are very similar to those seen in lymph nodes. It is believed 
that PP are positioned in the route through which B-cells and T-cells 
are recirculated (Parrott, 1976). 
There are no afferent lymphatics or antigen trapping mechanisms in 
PP as are found in sinuses of lymph nodes. However, India ink and anti-
gens such as peroxidase or even bacteria can pass through the dome area 
of the PP of rabbits and weanling mice. This has been designated, "the 
micropinocytotic mechanism of dome epithelium" (Faulk et al., 1971; 
Owen and Jones, 1974b; and Owen, 1977). 
Response of Peyer's patches to antigen 
Despite the fact that PP receive lymphocytes from the circulation 
and that they may react with antigen, there are no specific antibody 
producing cells in PP, although scattered plasma cells can be seen 
(Crabbe et al., 1970). The failure of PP in germ-free animals to mature 
suggests that the PP do respond to antigens (Polland and Sharon, 1970). 
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Muller-Schoop and Good (1975) also demonstrated that both B-cells and 
T-cells respond to intraluminal antigens such as Clostridium spp. 
Stimulation by bacterial antigen was not essential for initial 
development of gut-associated lymphoid tissue (GALT) in germ-free rats, 
rabbits and chickens (Cooper et al., 1968; Perey and Good, 1958; 
Thorbecke et al., 1957). However, in the rabbit, continued exposure 
of the PP to intestinal contents was essential for normal lymphoid mat­
uration and for development of the humoral immune response. This was 
also true for the chicken (Perey and Good, 1968). In addition, Cebra 
et al. (1977) found that anti-DNP (dinitrophenol-keyhole limpet hemo-
cyanin) activity was stronger in rabbit intestinal loops with PP than 
it was in loops without PP. Similar results were seen in Shigella in­
fection (Keren et al., 1978) in which IgA against Shigella appeared earlier 
and in higher concentration in loops with PP than in loops without PP. 
The IgA activity in loops without PP eventually reached levels similar 
to those found in PP loops. 
Generally, the appearance of cellular or humoral immunity Is 
preceded by the antigen recognition reaction and by a sequence of 
cellular reactions dependent upon the response of the host. Prolifera­
tion of B-cells and T-ce11s is followed by humoral immunity with anti­
body production or by cellular immunity with movement of activated 
T-cells into the circulation. Differentiation of immunocytes takes place 
in the red pulp of the spleen and the medullary region of the lymph 
nodes (Parrott , 1976). Failure of PP immunocytes to differentiate 
may be related to the lack of such specialized regions in the PP. 
This concept was confirmed by Kagnoff and Campbell (1974) who demon­
strated ^  vitro that PP contained antigen-sensitive B-cells and T-cells 
but that they were deficient in an adherent cell required for the 
induction of both humoral antibody synthesis and antibody dependent 
cell-mediated cytotoxicity. The immune responsiveness of PP cells in 
culture was stimulated by the addition of either adherent cells from 
peritoneal washings or 2-mercaptoethanol. After this treatment, B-
cells in PP wêce speeifieally induced to produce antibody while T-cells 
cooperated in the induction of antibody production as well as in the 
mediation of the cytotoxic allograft reaction. 
Fate of Peyer's patches lymphocytes 
Craig and Cebra (1971) showed that B-cells from PP differentiated 
into IgA-producing cells when injected into the irradiated rabbit. 
Furthermore, a cluster of the injected cells was found in the intestinal 
mucosa adjacent to a PP (Rudzik et al., 1975). Evidence that PP lympho­
cytes move through the intestinal mucosa was obtained in a scanning 
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electron microscopic (SEM) study which revealed a sheet of lymphocytes 
adherent to the mucosal epithelium. 
Evidence that specialized lymphoepithelial cells overlying the PP 
have pinocytotic activity suggests that the PP may play an important 
role in gut immunity (Bockman and Cooper, 1973; Owen and Jones, 1974a,b). 
However, direct evidence that these tissues produce specific antibody 
has not been presented. It was suggested (Lamm, 1976; Walker and 
Isselbacher, 1977) that antigen interacts with antigen-sensitive lympho­
cytes in PP and that it then moves into regional lymph nodes. Sub­
sequently the immunocytes or immunoblasts with surface IgG or IgM 
receptors are seeded via efferent lymphatics to systemic lymphoid tis­
sues such as spleen. Immunocytes with IgA surface receptors home to 
the intestinal lamina propria in the apparent absence of antigen and a 
few IgA precursor cells from PP seed to bronchial lamina propria. 
Craig and Cebra (1971) transfused cell suspensions from PP or 
popliteal lymph nodes into irradiated recipients. Six days later, the 
transferred PP cells could be found in lamina propria where most immuno­
blasts were producing primarily IgA. However, in animals receiving 
popliteal cells, very few transferred cells were found in the lamina 
propria and the transferred cells were primarily IgG producing cells. 
This indicates that migration of immunoblasts may depend on tissue 
origin. This was also confirmed by Rose et al. (1976). They found 
that mesenteric lymphoblasts did not migrate to skin but to the gut; 
whereas oxazolone-stimulated peripheral T-immunoblasts homed to skin but 
not to gut. Parrott (1976) suggested that the immunoblasts leaving PP 
by the efferent lymphatics go to the superior mesenteric duct via the 
mesenteric lymph node and enter the thoracic duct. From the thoracic 
duct the cells enter the left subclavian vein and eventually home to 
the lamina propria. Parrott and Ferguson (1974) demonstrated that there 
was direct traffic between PP and adjacent villi. This may explain the 
fact that more plasma cells were found in the lamina propria adjacent 
to PP than in areas away from the PP (Atkins et al. 1971; Hall et al. 
1972). Hall et al. (1972) also demonstrated that the final differen­
tiation of immunoblasts to plasma cells, evidenced by the presence of 
abundant lamellar endoplasmic reticulum, occurred in the lamina propria. 
Other mucosal lymphoid tissues 
Bronchus-associated lymphoid tissues are structurally and function­
ally similar to those found in the intestine. Bronchus-associated 
lymphoid tissue appears to contain relatively numerous IgA precursor 
cells (Rudzik et al., 1975). IgA-producing plasma cells were increased 
in the bronchial mucosa of patients with chronic respiratory disease 
(Martinez-Tello et al.. 1968) and in the lung tissues of Sendai virus 
infected mice (Blandford and Heath, 1974). It would seem that all mucosa-
associated lymphoid tissue can react to local antigenic stimulation. 
However, it is likely that IgA responses initiated at a particular site 
in a mucous membrane can be disseminated by the migration of sensitized 




Besredka (1919) claimed that local immunity could be induced 
independently of systemic immunity, and that local immunity was very 
important to resistance against infections of the GI tract and skin. 
Later, specific antibody was found in feces of dysentery patients by 
Davifis (1922). Burrows et al. (1947) noticed that coproantibody titers 
were independent of serum antibody titers and suggested that the 
appearance of coproantibody was not just a result of simple transuda­
tion of the serum antibody. 
Sugg and Neill (1931) demonstrated the presence of antitoxin in 
the saliva of experimentally as well as naturally immunized individuals. 
Local respiratory immunity was first proposed by Bull and McKee (1929) 
in their studies on resistance to pneumococcal infection in rabbits. Fazekas 
de St. Groth and Donnelly (1950) showed that mucoantibody was produced along 
with serum antibody following intranasal (IN) inoculation of influenza 
virus, and that the mucoantibody titers produced by IN inoculation 
were 10 times higher than those produced by subcutaneous inoculation. 
The antibody level in secretions of the reproductive tract also 
follows a pattern similar to that of other mucosal systems. Kerr and 
Robertson (1953) found that mucoantibodies could be produced locally by 
cells in the uterus in cattle with trichomoniasis. Parenteral inoculation 
with Brucella abortus (Kerr, 1955) produced a high serum antibody titer 
but mucoantibodies were absent in vaginal and uterine secretions. 
However, following intrauterine administration of B^. abortus, the muco-
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antibody titer was much higher than that in the serum. 
Secretory immunoglobulins are apparently one of the most important 
mechanisms of defense against certain diseases. In some cases, they 
are also of value for diagnosis. 
Relationship of thymus to IgA 
Differentiation and migration of cells which are precursors for 
IgA producing cells are altered in circumstances in which there is a 
drastic reduction or an absence of T-cells. In immunodeficient pa­
tients, T-cell deficiency is often associated with IgA deficiency. 
Such patients also have abnormally low numbers of IgA producing cells 
in the lamina propria (Parrott, 1976). The absence of IgA producing 
cells in nude mice can probably be explained on the basis of the failure 
of helper T-cells to switch from IgM to production of IgA. Thymus or 
T-cells are thought to influence the proliferation of immunocytes, the 
generation of memory cells, and the promotion of antibody secretion 
rather than to influence the initial differentiation and commitment 
(KaCg and Benacerraf; 1972). it is believed that IgM and IgD are T-
cell-independent immunoglobulins (Ig) (Lamm, 1976; Vitetta et al., 1975). 
Other classes, especially IgA, are T-cell-dependent; thus circulating IgA 
is relatively low in nude mice (Manning and Jutila, 1972). However, 
in terms of surface antibody of various classes, nude mice are not 
deficient (Bankhurst and Warner, 1972). IgA levels in rabbits are 
more thymus-dependent than in other animals (Clough et al., 1971). 
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Synthesis, assembly and secretion of IgA 
Secretory immunoglobulin consists mainly of IgA so its Ig propor­
tions differ substantially from those of serum. Secretory IgA also 
differs molecularly from its equivalent in serum. It has a higher 
molecular weight and additional antigenic determinants. Serum IgA is 
mainly monomeric 7S, while secretory IgA is mainly dimeric IIS plus 
joint (J) chain and secretory component (SC). Light chains in a single 
molecule are always of the same isotype (Kappa or Lambda). This means 
that they are synthesized by cells from the same clone. 
The different polypeptide chains of IgA are synthesized on ribo-
somes of rough endoplasmic reticulum (RER) of plasma cells. The poly­
peptides are released into the clsternae where covalent assembly of H 
and L chains takes place (Uhr and Vitetta, 1973). Secretory IgA has 
the tendency to polymerize in extracellular form. The J chain is likely 
to be an essential structural requirement for the polymerization 
of IgA (Delia Corte and Parkhouse, 1973). The J chain is formed in 
the same cells producing polymeric IgA (Brandtzaeg, 1975) and never in 
the cells producing only monomeric IgA (Kaji and Parkhouse, 1974). 
However, when or how the J chain is combined to IgA molecules is not 
known. In general, polymerization occurs close to the time of secretion, 
and dimer IgA is produced by specific cells and not by a random extra­
cellular combination of monomers. 
The SC is synthesized by the epithelial cells of the non-strati­
fied mucous membranes or exocrine glands and not by immunocytes 
(Brandtzaeg, 1973; Poger and Lamm, 1974). It is bound to the alpha 
19 
chains of the IgA dimer by disulfide bonds. This piece may play a 
stabilizing role in the dimeric IgA molecule and it may also make this 
molecule more resistant to proteolytic enzymes (Shuster, 1971). About 
90% of secretory IgA molecules possess the J chain which is generally 
characteristic of all polymeric molecules derived from serum or 
secretions. The J chain seems to be necessary for SC binding to the 
IgA dimer (Eskeland and Brandtzaeg, 1974). 
IgA dimers are secreted by mucosal plasma cells. They pass the 
basement membrane and eventually combine with SC prior to being secreted 
into the lumen. There are many different findings and theories about 
the locations where the SC binds to the IgA dimer, but, at the present 
time, there is still no consensus on how secretory IgA is assembled. 
Lamm (1976) has proposed three possible sites where the combination of 
IgA and SC could take place: 
1. Extracellularly; either between the lining epithelial cells 
or in the lumen. 
2. At the plasma membrane of epithelial lining cells. 
3. Within the interior of epithelial cells. 
Once IgA gets into epithelial cells, it is processed according to 
the general secretory mechanism. The vesicles formed from RER connect 
to Colgi, concentration into granules occurs, and the granules migrate 
to the luminal surface by ecdysis. 
Relationship of IgA to other immunoglobulins 
The relationship of IgA with other Ig is still not clarified. It 
was proposed that progenitor IgA producing cells might be IgM immunocytes 
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(Manning and Jutila, 1972). They demonstrated that IgA serum level was low 
in mice treated with Anti-y-chain. It was also proposed that there was a 
switch from IgM to IgG and then to IgA (Cooper et al., 1972). 
Although there are many different results in this field, two con­
clusions can be obtained from available information. First, cells 
which eventually produce IgG and IgA are those which originally have 
surface IgM. Second, IgA seems to be the final step for this sequence 
(Lamm, 1976). 
In intestinal secretions, IgA is predominant in comparison to 
other immunoglobulins. IgA is always dimeric in secretion and more 
resistant to enzyme digestion, thus the life of IgA in the intestinal 
lumen is longer than that of other immunoglobulins. Secretory IgA, on 
the other hand, does not readily precipitate antigen in the gut. 
Agglutinating activity is strong (McClelland et al., 1972). However, 
it does not fix complement although Adinolfi et al. (1966) demonstrated 
that IgA in the presence of complement and lysozyme could lyse certain 
bacteria. 
Opsonic properties of IgA have been described, but no specific 
receptor is found in mouse macrophages. It has been demonstrated that 
IgA has neutralizing capacity (Tomasi and Grey, 1972) and that it is 
bactericidal in the absence of complement (Surdon, 1973). 
It is suggested that the intestinal immune system may prevent 
antigen from entering the intestinal tissues. Antibodies may bind to 
the luminal surface by the cysteine residue of mucin, where nonabsorbable 
stable-antigen antibody (Ag-Ab) complexes would be formed. Bazin et al. 
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(1973) proposed that after the intestinal immune system is activated 
by antigens, the subsequent entrance of these antigens into the 
intestinal tissue and their combination with specific antibodies pro­
duced by the animal results in a formation of Âg-Ab complexes which 




Transmissible gastroenteritis (TGE) of swine was first described 
by Doyle and Hatchings in 1946. The transmissibility of this disease 
and its probable viral etiology were demonstrated by inoculation of 
young pigs with filtrate from triturated intestine of affected pigs. 
A similar disease syndrome was observed in 1937 (Smith, 1956) in 
Minnesota. 
Transmissible gastroenteritis in pigs was diagnosed in Scotland in 
1953 by Shanks, and in England in 1958 by Goodwin and Jenning. An 
outbreak occurred in Japan in 1956 (Sasahara et al., 1958) and a TGE-
like disease was found in Taiwan in 1958 (Huang and Lin, 1958). This 
disease was widespread in European countries in the late 1950's and 
the I960's (Woode, 1969). 
Transmissible gastroenteritis is a highly contagious enteric disease 
in pigs. It affects pigs of all ages but causes serious losses only 
in pigs younger than 2 weeks of age. The affected young animals have 
severe watery diarrhea, vomiting, and dehydration with mortality that 
may reach 100%. 
Etiology 
The viral etiology of TGE was first suggested by the work of Doyle 
and Hutchings (1946). They found that bacteria-free filtrates con-
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talned an agent causing a disease similar to that seen in natural 
cases of TGE and that penicillin and sulphathalidine did not protect 
the pigs. 
McClurkin and Norman (1966) suggested that more than one viral 
agent was involved in the disease; one produced a cytopathic effect 
(CPE) in pig kidney cell cultures, while the other did not produce a 
CPE but did produce clinical signs of TGE in newborn pigs. Two different 
sizes of viral particles (IDOnm and 25 nm) which produced different 
effects in tissue culture and pigs were observed by Ritchie and Norman 
(1968). Morilla and Ristic (1973) found that intestinal cells infected 
with a field TGE virus isolate had different antigen on the cell sur­
faces than primary pig kidney cells infected with tissue culture-
adapted virus. They suggested the possibility that specific proteins 
genetically controlled by the virus were synthesized or that a second 
virus was involved. However, by use of sucrose gradient centrifu-
gatioHj inmunofluorescence, electron microscopy, immune electron 
microscopy, plaque forming characterization and UV sensitivity, 
Morilla et al. (1977) revealed no difference in size and in antigenic 
structure of cell culture-grown and field-isolated virus. It is 
now generally agreed that there is no good evidence for the existence 
of more than one viral etiologic agent. 
The agent which causes the disease apparently is of one serotype 
and is classified in the coronavirus group (Bohl et al., 1969). This 
virus can be propagated in pig kidney cells (Lee, 1956) as well as in 
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cell cultures derived from porcine testis (McClurkln and Norman, 1966), 
porcine thyroid gland, porcine salivary gland (Witte and Easterday, 
1967), embryonated eggs (Eto et al., 1962), and canine kidney (Welter, 
1965). The production of CPE is minimal in the first few passages and 
depends on the sensitivity of the tissue culture cells used (Bohl, 1975). 
Stepanek et al. (1971) reported that the appearance of CPE was more 
rapid in primary pig thyroid cells than in primary pig kidney cells. 
Transmissible gastroenteritis virus (TGEV) is an RNA virus which has 
been confirmed directly or indirectly by several different research 
groups (Bohl and Kumagal, 1965; Norman et al., 1968; Caletti et al., 
1968). The virus is pleomorphic ; Okaniwa et al. (1968) estimated the 
average size at 110 nm, with a range of 94 to 120 nm, and Phillip et al. 
(1971) reported the average size to be 144 nm with a range from 133 to 
168 nm. 
Transmissible gastroenteritis virus is a single-stranded RNA virus 
(Caletti et al., 1968); it replicates through double-strand RNA rep-
licative intermediaries by a mechanism similar to that of poliovirus 
or influenza virus (Mishra and Ryan, 1973). Four major polypeptides 
have been identified (Garwes and Pocock, 1975; Garwes et al., 1976): 
Virus protein 1 (VPI) (Mol. wt 200,000) is a sulphated glycopolypeptide 
and is the main component of surface projections; VP2 is an arglnine 
enriched polypeptide which has been suggested to be closely related to 
viral RNA; VP3 and VP4 are glycopolypqitides which associate with the 
outer boundary of the spherical structure of the virus. 
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Clinical Aspects 
Many non-porcine species of animals have been Inoculated experi­
mentally with TGEV, and have not developed the disease. These species 
include guinea pigs, mice, rabbits, hamsters (Bay et al., 1952), horses, 
cattle, sheep, human beings, and chickens (Sasahara et al., 1958). 
Haelterman (1962) found that the virus was not pathogenic for the cat, 
dog, and fox, but that it did infect the Intestines of the dog and fox 
and was shed for more than one week. In Cough's studies (1978), coyotes, 
raccoons, skunks, opossums, and red foxes were inoculated with TGE virus. 
All animals except the skunks developed diarrhea within 48 hours post 
inoculation (PI) and TCEV was isolated from almost every specimen 
including parts of small intestine, lung, liver, and kidney. Pilchard 
(1965) demonstrated that the virus survived in the starling's digestive 
tract, but found no evidence of infection. On the other hand. Cough 
(1978) found that TGEV did infect and replicate in the starling's 
Intestine. The infected birds could transmit the virus to susceptible 
pigs which developed clinical TGE. It is suggested that starlings and 
other wild animals should be considered Important in the epidemiology 
of TGE. 
The main clinical signs in pigs under 2 weeks of age consist of 
vomiting, watery yellow diarrhea, and dehydration. Lee et al. (1954) 
observed a leukopenia which is followed by leukocytosis in infected 
animals. The mortality rate in young pigs may reach 100%. Death 
usually occurs within 2-5 days after clinical signs first appear. In 
animals over 2 weeks of age, the clinical signs are fairly Inconsplcu-
ous (poor-appetite, diarrhea, and lower weight gain), and mortality is 
negligible. However, Bachmann et al. (1972) reported a 25-30% morta­
lity in 2 to 6-month-old pigs. 
Gross Pathology 
The primary lesions in young animals affected with TGE are found 
in the small intestine which is distended with gas and yellowish 
fluid. The intestinal wall is very thin and almost transparent. 
Generally, no chyle can be seen in the mesenteric lymphatics. 
Many affected animals have congestion of the gastric mucosa, and 
Hooper and Haelterman (1966) also noticed hemorrhages on the diaphrag­
matic side of the stomach at the border of the diverticulum venticuli 
in half of the pigs killed during the first 3 days of infection. Doyle 
and Hutchings (1946) described urate deposition in the pelvis of the 
kidney of an animal in which infection was accompanied by degenerative 
changes in the kidney. Okaniwa and Maeda (1965) reported generalized 
swelling of the body lymph nodes and splenomegaly. Older animals usually 
present less severe lesions than those described in young swine. 
Underdahl et al. (1974) reported that gnotobiotic pigs inoculated 
with TGEV had reddish discoloration of the ventral portion of the apical 




Transmissible gastroenteritis virus attacks the mature absorptive 
cells of the intestinal villi. The result is severe atrophy of the 
villi and replacement of the columnar epithelium with cuboidal cells. 
The most severe lesions are located in the jejunum. The villus to crypt 
ratio may decrease from 7:1 to less than 1:1 (Hooper and Haelterman, 
1966). The change in this ratio is caused by a combination of villous 
atrophy and hyperplasia of crypt epithelium. 
In work reported by Pensaert et al. (1970a), the virus began its 
attack at about 5 hours post Inoculation (PI), cell degeneration and 
desquamation of intestinal epithelium occurred between 9 and 12 hours 
PI, and villous atrophy developed thereafter. In pigs examined at 
24 hours PI, the denuded or damaged villi were almost completely covered 
by cuboidal epithelium except for the tips of the villi where aggregates 
of neutrophils (PMN) could be recognized. The PMN were not seen at 
30 hours PI when the tips of the villi were completely covered by 
cuboidal epithelium. It was suggested that infiltration of the PMN 
was probably a response to the leukotactic effect of bacteria in the 
Intestinal lumen. After 3 days PI, the villi elongated, and the cuboidal 
epithelium gradually became columnar. Lesions in other parts of the 
small intestine were apparently less severe and developed later with the 
recovery stage beginning earlier. Morin et al. (1973) noticed that the 
severity Or the lesions in older pigs with clinical disease was similar 
to that in young animals. However, older animals which did not have 
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clinical signs at the time that specimens were collected had mild 
lesions. 
Electron microscopy (EM) 
Examination of intestines from pigs infected with TGEV by 
scanning electron microscopy (SEM) revealed short and blunt villi (Waxier 
1972). Viral particles either in the 75-88 nm (Pensaert et al., 1970b; 
Wagner et al., 1972) or 60-85 nm diameter range were found between 
microvilli and within the cytoplasm of absorptive cells (Wagner et al., 
1972; Pensaert et al., 1970b; Morin and Morehouse, 1974). Pensaert 
et al. (1970b) suggested that pinocytosis was the main mechanism by 
which the virus entered cells, and that the virus replicated in the 
absorptive epithelial cells and matured by budding at smooth cellular 
membranes, especially in the Golgi apparatus. In early infection, 
most viral particles were seen in the apical region; later on, they 
were distributed throughout the cytoplasm except for the basal part of 
the cells which was usually devoid of the virus. Viral particles were 
Bxuglê Oc grouped ûTiu Wêtê lOCâtêu ftêc ût Wituili cytOplaSïïiic VcSiclëS 
(Pensaert et al., 1970b). Wagner et al. (1972) noted that initial 
cytoplasmic vacuoles resulting from invagination of the plasmalemma 
were continuous with mtcrocanaliculi and suggestèd that the microcana-
liculi system of absorptive cells played an important role in the 
pathogenesis of the disease. Viral particles were found both in cyto­
plasmic vacuoles and in connecting microcanaliculi. Some of the 
particles had tail-like appendages. 
Microvilli of affected cells were short or absent, and a few cells 
contained slit-like spaces within distinct boundaries in the cytoplasm 
29 
(Chandler et al., 1969). The mitochondria were swollen and had vesicles 
in the cisternal membranes. Other changes included increased numbers of 
lipid inclusions and free ribosomes. Many of the columnar cells on the 
villi were replaced by immature cuboidal cells resembling crypt epithe­
lial cells. These cells were characterized by irregular, short, and 
incomplete microvilli, narrow terminal webs, large intercellular spaces, 
and rather straight lateral cytoplasmic membranes. They also had large 
numbers of free ribosomes and a poorly developed supranuclear Golgi 
apparatus (Pensaert et al., 1970b). 
Pathogenesis 
Transmissible gastroenteritis virus replicates rapidly and pro­
duces lesions in the small intestine but does not affect the stomach or 
colon. The virus is found in many other organs such as the nasal mucosa, 
tonsil, trachea, lung, liver, and kidney; however, the virus either 
doesn't produce lesions in these tissues or the lesions are negligible. 
Cartwright et al. (1965) demonstrated that the virus was fairly 
stable at pH 3. Haelterman (1972) found that the virus titer decreased 
only 2 logs following exposure to pH 2 for 30 minutes. These results 
all suggest that the virus resists stomach acid. It is resistant to 
trypsin (Cartwright et al., 1965) but is inactivated by lipid solvents 
(Pensaert at al.. 1970b). It has been suggested by Haelterman (1972) 
that bile may be a factor in protecting the duodenum from severe 
damage during TGEV infection. 
Transmissible gastroenteritis virus attacks the majority of the 
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villous epithelial cells but spares the crypt epithelium. The affected 
cells are sloughed and villous atrophy occurs when replacement of 
epithelium from the crypts cannot keep up with the loss from sloughing. 
There are several other enteric diseases in animals caused by viruses 
which produce villous atrophy: these include rotavirus infection in 
calves (Mebus et al., 1971) and in swine (Rodger et al., 1975), epizootic 
diarrhea of infant mice (Adams and Kraft, 1968), and panleukopenia in 
cats (Johnson, 1967). 
Neonatal calf diarrhea is caused by a reo-like virus or rotavirus 
which causes 1-7-day-old calves to have symptoms similar to those seen 
in TGE. However, the symptoms are less severe, and the mortality is 
lower than for TGE. Mebus et al. (1971) reported that this virus in­
fected primarily the epithelium of the small intestine and involved 
only the distal two thirds of the villi. The infection was initiated 
at the anterior portion of the small intestine and proceeded to the 
posterior end. As the disease progressed, the infected or virus-con­
taining cells in the anterior gut were found only at the tips of the 
villi or had disappeared. At the same time, the pattern of involvement 
of the villi was moving toward the middle and lower small intestine. 
As soon as replacement of villus epithelium from crypt proliferation 
overcame epithelial cell loss, the renewed epithelial cells developed 
resistance to the virus. These findings suggest that rotavirus 
attacks rather mature absorptive cells, and the reduced severity of the 
infection as compared to that of TGE is due to limitation of virus 
replication to the epithelium of the luminal 2/3 of the villi. 
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Epizootic diarrhea of infant mice (EDIM), another viral enteric 
disease, is highly contagious for mice. The primary changes in this 
infection occur in the epithelial cells at the extreme tips of the villi 
(Adams and Kraft, 1968), and EDIM usually produces a rather mild 
diarrhea. 
Panleukopenia virus invades the epithelium of the feline small 
intestine in a different manner. The primary target cells are less differ­
entiated cells in the crypts (Johnson,1967) or cells with mitotic 
activity. Villous atrophy develops because epithelium normally sloughs 
continuously from the tips of the villi and the damaged crypt no longer 
has the ability to replace the loss. The lesions that this virus pro­
duces are much more severe than those produced by other viral enteric 
diseases because of loss of both the crypt and the villous epithelium. 
Factors involved in the mechanism of diarrhea include hypermo-
tility, hypersecretion, malabsorption, and increased permeability 
(Moon, 1978). There is evidence that the latter 3 factors are involved 
in the diarrhea of TGE. Transmissible gastroenteritis causes loss 
of absorptive epithelial cells and resulting villous atrophy. The 
damaged and renewed epithelial cells have been shown to be deficient 
in normal cellular enzymes (Thake, 1968). A decrease in succinic 
dehydrogenase indicates that the mitochondria have been damaged. De­
creased intracellular transportation is manifested, in turn, by the 
presence of many large intracellular fat globules. Decreased alka­
line phosphatase activity indicates a decrease in digestive-absorp­
tive surface. Lactase deficiency (Cross and Bohl, 1968) is evidence 
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of maldigestion. Diarrhea then results from malabsorption and maldi­
gestion. In addition, the osmotic effects of the maldigested foods 
are increased through fermentation by intestinal flora and the increased 
osmotic pressure created by this fermentation also pulls fluid into 
the lumen of the intestine. Therefore, withdrawal of food from infected 
animals can reduce clinical signs (Moon, 1978). Butler et al. (1974) 
demonstrated that sodium efflux was increased in TGE infected villi, 
and suggested that the undifferentiated absorptive cells of the replaced 
villi may retain the inherent secretory ability of crypt cells and 
thereby contribute to the diarrhea. 
Protein loss has been demonstrated in several enteric diseases 
including chronic canine enteritis accompanied by hypoproteinemia (Finco 
et al., 1973), and Johne's disease of cattle (Allen et al., 1974). 
Prochazka et al. (1975) reported that ^^^I-Labeled homogenous albumin 
was excreted six times faster in TGE-affected pigs than in controls, 
and they claimed that increased vascular permeability contributed to 
the diarrhea. 
Moon (1971) found that the absorptive cells remain on the intes­
tinal villi considerably longer in young pigs (7-10 days) than in older 
pigs (2-4 days) and that TGEV has a greater affinity for old cells 
than for young cells. He also suggested that older pigs replaced the 
damaged epithelium much faster than did younger pigs. Norman et al. 
(1973) found higher virus titers in intestines of 3-day-old pigs than 
in 21-day-old pigs. Apparently, the age dependency of this disease may 
relate to the difference in the kinetics of intestinal epithelial cell 
growth in animals of different ages. Kelly et al. (1972) found that 
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Na-K-ATPase activity in the jejunum is decreased in TGEV-infected pigs 
and is accompanied by an increased secretion of sodium, potassium, and 
chloride from the intestine. They suggested that impairment of the 
active sodium transportation system by dysfunction of the Na-K-ATPase 
system may be an important factor in the pathogenesis of the diarrhea. 
However, no villous atrophy was seen in their experimental animals 
(23-26 days old). 
Immunity 
Active immunity 
Animals recovered from TGEV infection are protected from clinical signs 
on subsequent exposure. However, Bohl (1975) pointed out that the immunity 
is incomplete, especially when the infected animal is young or the animal 
is challenged with a large virus dose several months later. 
Allen and Porter (1973) found IgA containing cells in the intestinal 
lamina propria of pigs over 2 weeks of age. Brown and Bourne (1976) 
noticed that IgM producing cells are a little more numerous than IgA pro­
ducing cells in the lamina propria during the first 3 weeks and that IgA 
producing cells become more numerous after 3 weeks. Bradley et al. 
(1976) demonstrated that IgA producing cells were predominant in the 
respiratory mucosa of pigs as early as 6 days of age. Allen and Porter 
(1975) found that both IgA and IgM producing calls wars present in signif­
icant numbers in the lamina propria of the intestine of calves as early 
as 4 days of age. These findings indicate that piglets and calves can 
produce antibody at a very young age. 
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Sterzl et al. (1965) were the first to study the immune response 
of the porcine fetus. They inoculated sheep erythrocytes one month 
before parturition. Specific antibody was then isolated from the pigs 
at birth. Antibody to sheep erythrocytes was induced in fetuses 
injected at 80 days gestation, but no antibody was detected in those 
injected at 60 days gestation (Binns and Symons, 1974). This might be 
related to the observation that circulating lymphocytes bearing surface 
immunoglobulin increased rapidly between 70 and 80 days of gestation. 
However, leptospiral antibody was identified in piglets bom after 
intrauterine inoculation at 60 days of gestation (Fennested et al., 1968), 
and Bourne et al. (1974) identified mainly specific 19 S IgM antibodies 
with small amounts of IgG and IgA monomer but no IgA dimer in piglets 
bom after intrauterine injection of parvovirus at only 55 days of 
pregnancy. This was hypothesized to result from the immature state of 
the gut immune system of fetal pigs. Inoculation of a porcine fetus 
with attenuated TGEV at 2-5 weeks prior to parturition caused 
typical intestinal lesions and stimulated antibody production (Redman 
et al., 1978) including IgM, IgG, and IgA. However, the immunologic 
response was not consistent in all animals. 
The evidence mentioned indicates that pigs not only produce anti­
body early in life, but also respond to antigenic stimulation in utero. 
Nevertheless5 more detailed research into intrauterine inoculation of 
piglets and their ability to develop protective immunity is necessary. 
Harada et al, (1969) found that although intramuscular (IN) injec­
tion of TGEV produced a high titer of circulating neutralizing anti­
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bodies, it did not protect animals from challenge, since IM injection 
usually does not elicit secretory antibodies. Circulating antibodies 
provide very little, if any, protection to the animal against intestinal 
infection; whereas secretory antibodies do protect. 
In germ-free pigs, lymphoid tissues in the gut were not devel­
oped before 31 days of age, but 10 days after E^. coli infec­
tion, the intestines of such pigs developed an immunological res­
ponse similar to that of conventional pigs (Kenworthy, 1971). It is 
suggested that development of GALT in the pig depends somewhat upon 
intestinal flora. 
IgA is the main antibody produced locally in the intestines of humans 
(Crabbe et al., 1965) as well as the intestines of most other mammals. 
Bourne et al. (1971) has demonstrated higher numbers of IgA producing 
cells than of IgM producing cells in the lamina propria of older pigs. 
In contrast, Allen and Porter (1973) found that the number of IgM pro­
ducing cells is apparently higher than that of IgA cells in the gastric 
mucosa of young pigs. Porter (1973a) suggested that immune maturation 
may be a factor. Although there are many IgM producing cells in the 
pig intestine, IgM antibody accounts for only 10% of the amount of 
secretory immunoglobulin. The IgM cells may play a role in the defense 
of the lamina propria, and secretory component in the crypt epithelium 
may be a factor which enhances IgA secretion over I^ (Brandtzaeg, 1975). 
Ogra and Karzon (1969) believed that an anamnestic response was 
not involved in the secretory immune system. Porter et al. (1974) found 
that a secretory immune response in pigs occurred at about 10 days of age. 
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This immunity, induced by oral inoculation with coli, lasted for 
2-3 weeks and a second exposure to antigen resulted in a similar, 
short-lived immune response (Porter, 1973a,b). These results indicate 
that the immunity associated with the secretory antibody system is dif­
ferent from that associated with other systems; and that repeated inocula­
tion or the constant presence of antigen is necessary for the maintenance 
of the protection. 
The presence of cell-mediated immunity (CMI) in TGEV-infected pigs 
was demonstrated by Frederick and Bohl (1976). They found, in most of 
their experimental animals, that the migration inhibition factor (MIF) 
of macrophages was produced by lymphocytes of the lamina propria of 
the small intestine as well as by splenic lymphocytes. Following oral 
inoculation of TGEV, LP lymphocytes produced more MIF than did splenic 
lymphocytes. Following subcutaneous Inoculation, the opposite result 
was observed. These results indicate that the route of inoculation 
determines the CMI pattern in the lymphoid tissues of animals. Woods 
(1977) round tuât in TGE, MI? started at 7 uays PI and lasted at least 
35 days. Also, CMI was demonstrated in TGE by a leukocyte-aggregation 
assay (Woods, 1976) which was based on the presence of long-term recir­
culating memory lymphocytes. 
Cell-mediated immunity is no doubt present in TGEV infection in pigs ; 
however, its significance in TGE infection needs to be explored more closely. 
Passive immunity 
Stepanek et al. (1971) demonstrated that virus neutralizing anti­
body occurred in sows 16 days after natural infection with TGEV and 
reached a peak at 35 days; all of the piglets nursing these sows, were 
protected against challenge. Antibody in the colostrum and milk was 
implicated as a primary factor in this protection. This is consistent 
with the findings of Bay et al. (1953) and Bohl and Saif (1975). Stepanek 
et al. (1971) also found that some of the sows maintained a high antibody 
titer for up to 9 months while in others the titers declined rapidly 
after peaking at 35 days. 
Maternal Ig in sows is normally not transferred through the placenta 
to the fetus. Virtually no immunoglobulins are present in the fetus. 
Obviously, the immune defense system in piglets, before the maturation 
of lymphoid tissues, depends upon passive immunity. 
Work dealing with passive immunity falls into two categories: the 
maternal secretory Ig, mainly in milk and colostrum, and the gastroin­
testinal condition of the piglets. 
The Ig ratio in milk and colostrum is different from that in serum. 
The main Ig in colostrum and serum is IgG which accounts for 80% of the 
total Ig. The absolute amount of IgG In colostrum, however, is 3 
times more than that in the serum. In serum, the concentrations of IgA 
and I^ are about the same, but in colostrum there is three times as 
much IgA as IgM. The concentration of Ig decreases about 10 fold in the 
first few days of lactation, and in the milk, IgA becomes the predominant 
Ig (Bourne, 1976). The origin of the Ig is different in colostrum than 
in milk. Bourne and Curtis (1973) found that all colostral IgG was 
derived from serum, and that 60% of colostral IgA was produced locally. 
However, in milk, over 90% of the IgA and IgM, and 70% of the IgG were 
produced locally. 
Bohl et al. (1972) indicated that intramuscular (IM) injection of 
TGEV into gilts resulted in high serum and colostral IgG titers, but 
very low titers of IgA. Natural infection of gilts stimulated 
high serum and colostral IgA titers. Piglets nursed by sows in the 
latter group were protected from TGEV infection whereas those nursed 
by IM-vaccinated sows were not. Stone et al. (1977) have found that 
IgG, IgA, and IgM all have the ability to protect pigs from TGEV infection, 
and that IgG is likely as good as IgA and IgM, if not better. It is 
emphasized in the paper that all three Ig classes in colostrum are 
important in protecting neonatal pigs during the first 10 days of life. 
However, most people consider IgA to be the best Ig for preventing most 
intestinal infections. 
Neonatal piglets can absorb colostral immunoglobulin for 24 to 36 
hours (Leece and Morgan, 1962). Murata and Namioka (1977) found 
differences in the duration of absorptive ability in different parts of 
the small intestine. They noted that the duodenum stops absorption at 
about 2 hours after birth, the jejunum stops at 24 hours, and the ileum 
stops at 48 hours. It was claimed that pinocytotic activity in different 
parts of the intestine corresponds to these changes. However, the authors 
did not determine the extent of the absorptive activity in the different 
parts of the intestine at different time intervals. By using dextran 
blue, Martinsson and Jonsson (1975) found that piglets stop transporting 
the dye 24 hours after birth, although local uptake of the dye in the 
epithelial cells was still taking place in 6 day-old pigs, the oldest 
pigs examined. The differences nay be caused by the individual variations 
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of the examined pigs and/or the substances used for the detection of 
the absorptive ability of the intestine. 
Absorption of colostrum is very important for protection against 
systemic disease. However, protection against TGEV infection depends 
more upon the constant presence of immunoglobulin in the intestinal 
lumen or on the mucosal surface. 
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Summary 
Interepithelial lymphocytes (lEL) and Payer's patches (PP) in 
6 different portions of the small intestines of pigs were studied 
at ages of 0 (4-10 h), 1, 5, 15, and 31 days; general histology of 
the small intestines was also examined. The numbers of lEL in­
creased significantly (P < 0.05) from 3.3 + 0.6 per 100 absorptive 
epithelial cells at 0 day of age to 38.9+3.5 at 31 days of age. The 
anterior end of the small intestine contained more lEL than the posterior 
end. In general, most of the lEL (55.6%) in all age groups were found 
in the subnuclear position below the nuclear level of absorptive epi­
thelial cells. As animals got older, supranuclear lEL increased and 
subnuclear lEL decreased while nuclear level lEL remained stable. 
Many histologically normal lymphocytes and degenerated cells were also 
found adjacent to the mucosal epithelium of the small intestine. 
Small PP with relatively well-defined germinal centers and loosely 
arranged domes were observed in the youngest group of pigs (4 to 10 h 
after birth). The size of lymphoid nodules increased several times from 
day 0 to 31 days of age. Dome epithelium of PP usually contained 
relatively more lEL which tended to group together in cords of cells, 
while in other epithelial areas, lEL were randomly dispersed. 
Eosinophilic globules which may represent absorbed protein from 
colostrum or milk were found in the cytoplasm of absorptive epithelial 
cells, only through 5 days of age. More globules were located in 
the supranuclear cytoplasm in 0-day and 1-day groups as opposed to a 
subnuclear predominance in the 5-day group. 
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In addition, highly vacuolated cytoplasm was seen In the absorp­
tive cells of the distal two-thirds of the villi in the posterior 
small intestine at 0, 1, 5, and 15 days of age. The vacuolation 
was most prominent at 5 and 15 days of age. 
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Much emphasis has been placed on the importance of localized 
humoral immunity in the gut. Two important lymphoid tissues which 
may relate to gut immunity are interepithelial lymphocytes (lEL) 
and Beyer's patches (PP). 
Weber^ reported the presence of the small round cells within 
2 
the epithelium of the small intestine, and Edinger later identified 
these cells as leukocytes. A protective function of these cells 
3 4 
against intestinal bacteria was proposed by Waele and Hellman, 
while Fichtelius^ first considered the lEL as a possible component 
of the immune apparatus. 
Electron microscopic examination^ revealed that IEL were located 
between rather than within the intestinal epithelial cells. They are 
generally larger than peripheral or circulating lymphocytes and contain 
few mitochondria, few ribosomes, some rough endoplasmic reticulum, 
and a well-developed Golgi. 
Several observations^'^ suggest that lEL are the lymphocytes 
that have migrated from the intestinal lamina propria and it is 
believed that lEL are partially, if not all, of T-cell origin. There 
8 9 10 11 12 have been many theories » » » • developed about the functions of 
lEL; however, none can fully explain the existence of the cells in 
the intestine. 
The potential importance of PP was recognized when the bursa 
of Fabricius in birds was found to be a central B-cell lymphoid 
tissue. The inherent ability of PP lymphocytes to produce antibody 
13 has been indirectly demonstrated. 
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Lymphoid tissues in the small intestines of a variety of 
animals have been carefully studied but very little information about 
the lymphoid tissues in swine is available. The purpose of this study 
was to determine the developmental changes of lEL and PP in 
the small intestine of swine from birth to one month of age. 
Materials and Methods 
Animals 
Five piglets were selected from each of four conventionally-reared 
litters. The animals were killed at ages of 0 (4-10 hours), 1, 5, 15, 
and 31 days. Four piglets, one from each litter, were assigned to 
each age group. 
Specimen collection and preparation 
Animals were killed by electrocution followed by exsanguination. 
Small intestines were immediately separated from the mesentery 
and arranged in a serpentine configuration. Segments with and 
without PP from each animal were collected at positions as shown 
in Fig. 1. The specimen collection procedures for each animal were 
completed within 3 minutes after death. Specimens were fixed in a 
10% (v/v) neutral buffered formalin solution (pH 7.3), embedded in 
paraffin, sectioned at 6 microns, and stained with hematoxylin and 
eosin. 
Interepithelial lymphocyte counting and histologic examination 
A light microscope with a 40x objective lens and field diameter 
of 0.4 mm was used to enumerate IEL numbers. All of the epithelial 
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cells and lEL were counted in the portion of randomly selected villi 
which filled the field. A total of 5 fields from 5 villi were 
examined with an average of 580 cells including lEL and epithelial 
cells enumerated from each specimen. The lEL were classified as 
subnuclear, nuclear, and supranuclear according to their plane with 
relationship to the nucleus of adjacent absorptive cells. The results 
were expressed as the numbers of lEL per 100 absorptive cells and as 
the percentages of lEL in each of the 3 levels. All numerical results 
were analyzed through the Statistical Analysis System (SAS)^ and Duncan's 
Multiple Range Test (DMRT). 
The presence and maturity of PP, the presence and the position 
of globules in the cytoplasm of absorptive cells, the degree of vacula-
tion of epithelium, and infiltrations of neutrophils were also examined. 
Results 
Changes in numbers of interepithelial lymphocytes 
As shown in Table 1, the numbers of lEL increased significantly 
from 3.3 + 0.6 lEL per 100 absorptive cells in the 0-day group to 
38.9 + 3.5 lEL in the 31-day group. 
Numbers of lEL in different segments increased with age except 
for those 1 day old pigs where the number of lEL was lower than that 
in O-day-pld pigs. Generally s the anterior part o£ the small intestine 
Developed by Institute of Statistics, North Carolina State University 
by A. J. Barr, and J. H. Goodnight. 
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contained more lEL and there was a gradual decrease in numbers toward 
the posterior end. This Is more obvious In the older age groups. 
The results of SAS and DMRT Indicated a significant difference between 
each group in 6 different segments of the small Intestines. 
Changes of position of Intereplthellal lymphocytes 
The subnuclear level had more lEL (Fig. 2) in all age groups. 
Fifty-five percent of lEL were located at the subnuclear level while 
31.4% were at nuclear level and 13% were at the supranuclear level. 
Numbers of lEL in the subnuclear level decreased with age while 
supranuclear level lEL increased with age (Fig. 3, 4). 
Absorptive cells of the small intestine 
Numbers of absorptive cells Increased with age. Newborn pigs had 
66.5 + 3.9 cells per high dry field on each villus, compared to 127 + 
2.4 cells in the pigs 31 days of age (Table 2). The anterior and 
posterior ends of the small intestine almost always had more absorptive 
cells than did the middle part. The SAS and DMRT revealed a signif­
icant difference (P < 0.05) bst'-'een ssch group in 6 different segments 
of the small Intestines. 
Histologic findings 
Small lymphoid nodules composed of relatively large lymphocytes 
were present in the submucosa of the small intestine of 0-day-old pigs. 
Well defined but small germinal centers could be identified (Fig. 5) 
but the small FF were difficult to localize grossly at this age. There 
was evidence of extension of the lymphoid tissues of FF into the lamina 
propria of villi; however, the lymphocytes in these areas were few in 
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number and loosely arranged (Fig. 5). The dome epithelium contained 
lymphocytes and was thinner than the epithelium of the ordinary villus. 
The PP gradually increased in size as the animals grew older and 
the lymphoid nodules were several times larger in one-month-old pigs 
(Fig. 6). Macrophages with phagocytized pyknotic nuclear debris in 
14 
the cytoplasm or so-called tingible body macrophages were numerous 
in the germinal centers. An indefinite layer consisting mainly of 
small lymphocytes was noted in the periphery of the germinal centers 
of the PP. The domes of PP were well developed too. Lymphocytes within 
the domes were relatively larger, stained more lightly than those found 
in lymphoid nodules, and had large nuclei with single, prominent 
nucleoli. They were tightly packed together and occupied the area 
between the dome epithelium and lymphoid follicle. The dome epithelium 
usually had more lymphocytes than did other villi, and lymphocytes in 
dome epithelium tended to gather into islets of cells contrary to the 
usual individual distribution of lymphocytes in the epithelium of other 
areas. Hct.'evsr, the latter feature vas not uncommon in Che dome epithelium. 
Eosinophilic globules (Fig. 7) in the cytoplasm of absorptive 
cells were identified only in pigs of the three younger groups. Ninety-
one percent of the specimens in the 0-day group contained globules while 
globules were found in only 21% of the 5-day old group. They were absent 
in the 15-day and 31-day groups. More globules were located supra-
nuclearly in the 0-day group and, in contrast, more globules were found 
subnuclearly in the 5-day old group. The globules were evenly dis­
tributed throughout the small intestine in pigs of 0-day and 1-day-old 
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groups. However, the globules were seen only in the posterior half 
of the small intestine of 5-day-old pigs. 
Many empty vacuoles were observed in the cytoplasm of the absorp­
tive cells in the posterior part of the small intestine in 0-day 
through 15-day-old pigs. They were most prominent at 5 and 15 days 
of age and were predominantly in the distal two-thirds of the villi 
(Table 3). Histologically normal lymphocytes as well as degenerated 
cells were found on the surface of mucosal epithelium in some specimens 
(Fig. 8). 
Neutrophils (PMN) were seen more frequently in the younger pigs. 
The PMN were primarily found in the lamina propria and epithelium close 
to the crypt region. They had a tendency to be more prevalent in the 
duodenum and the ileum although these parts of the intestine were 
histologically normal. 
Discussion 
Ferguson and Parrott^^ found that lEL did not appear in a graft 
of small intestine of an antigen-deprived mouse fetus placed in the 
subcapsular region of the kidney until 16 days after implantation or 
16 days of age. The intestine of a normal mouse contains no lEL before 
the age of 2-3 weeks. Therefore, it appears that some factors within 
the intestine itself or the graft, which are related to age, may attract 
lymphocytes or other immunogenic cells from the blood stream to the 
intestine. 
Interepithelial lymphocytes are usually either absent or present 
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in very low numbers in the intestines of neonatal animals. This is also 
true for germ-free animals. ^ When germ-free mice were exposed to normal 
environment, the numbers of IEL increased markedly up to the 6th day.^^ 
Guy-Grand et al.^ found that lymphoblasts from mesenteric lymph node 
and thoracic duct infiltrated specifically into fetal intestine grafted 
under the capsule of kidney and suggested that the antigen which was 
recognized and absorbed from the intestine did not affect this specific 
migration. Ferguson and Parrott^^ noticed a similar result, however, 
they also stated that numbers of lEL in grafts were considerably less 
than those in the conventionally-reared mice. This indicated to them 
that lEL in the intestine were dependent largely upon intraluminal 
antigenic stimulation. 
Our studies clearly demonstrated that lEL increased with age. The 
mechanism of the increment of lEL, however, was not understood. Whether 
the increment of lEL is a function of age or intraluminal antigen or 
both was not determined; evidence obtained by other workers^^'^^ 
suggests that the latter seems more likely. Further information, on 
this point is necessary. 
The numbers of lEL in th'e small intestine of pigs were much higher 
than those found in other animals. Otto and Walke^^ found 6.3 + 1.7 
lEL per 100 absorptive cells in humans. Around 3.0 IEL per 100 absorp-
18 tive cells were found in adult mice. Our findings indicate that 
the pig has 3.3 + 0.6 lEL per 100 absorptive cells at birth and 38.9 + 
3.5 IEL per 100 absorptive cells at 31 days of age. 
Another difference between pigs and other animals was in the 
relative distribution of TEL. In pig small intestine more lEL were 
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found at the subnuclear level which is similar to other animals, but 
the relative number at this location ranged from 47% to 72% while 
most of the other species had about 95% at the subnuclear level. 
From Figs. 3 and 4, it can be seen that subnuclear lEL increased 
from the 0-day group to the 1-day group. Subsequently a sharp decrease 
occurred from day 1 to day 5 and the same level was maintained through 
day 31. In contrast, supranuclear level lEL increased with age. Since 
it has been proposed that lEL are derived from lamina propria lympho­
cytes (LPL), ^ a theory is proposed to explain our data. The LPL 
probably migrated into the epithelium faster from day 0 to day 1 than 
prior to day 0. Thus, more lEL were found in the subnuclear level 
on day 1. Movement of lEL out of the epithelium into the lumen could 
explain the fact that absolute lEL counts remained almost the same, 
i.e. 3.3 + 0.6 at day 0 and 2.5 + 0.6 at day 1. Therefore, lymphocyte 
movement into the epithelium from the lamina propria may have been 
balanced by exit of lymphocytes into the lumen. There are several 
puâSlblê êXplâUâCloriâ fOr InCcêûBêd FiUmbêcS âïlu âltêrsd uxBtribUtlon of 
lEL in pigs at 5 days of age and over. For instance, response to 
antigenic stimulation or other factors could accelerate movement from 
the lamina propria into the epithelium or decrease movement into the 
intestinal lumen. It is also possible that the amount of time spent 
by lymphocytes in the epithelium would increase if subsequent to 
antigenic stimulation, the lymphocytes migrate inwards and return to the 
lamina propria. 
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Marsh reported that lEL transform and become immunoblasts in 
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13 
the intestinal epithelium. Some indirect evidence suggested to Glaister 
that there was a migration from the epithelium to lamina propria. 
20 
Furthermore, Marsh stated that part of the lEL reentered the lamina 
propria from intestinal epithelium. Lack of lEL at the level of the 
18 brush border, at the level of the terminal web of absorptive cells, 
in the microvilli, or in the lumen of the intestine^^ indicates that 
IEL do not move into the lumen from the epithelium. However, many 
degenerated cells resembling lymphocytes were found adhering to the 
mucosal surface of the intestine in the present study. This suggests 
that there may be movement from lamina propria to the lumen but does 
not deny the possibility of movement in both directions as suggested 
by Meader and Landers.^ 
The data in Table 2 indicate that numbers of absorptive cells 
increased with age and were higher in both ends of the small intestine. 
Absorptive cell numbers vary tremendously depending on tissue proc­
essing procedures used. Therefore, these findings should not be 
overemphasized. 
Peyer's patches with well-defined germinal centers were observed 
in the pigs of the 0-day group; therefore, it is reasonable to suspect 
this organ is present prior to birth. Specific antibody has been isolated 
from newborn pigs which were inoculated ^  utero with sheep red blood 
21 
cells one month before birth. Also antibody has been demonstrated in 
the Intestines of newborn piglets which had been inoculated with TGEV 
22 
2 to 5 weeks prior to parturition. These findings along with our 
own suggest that, were an antigen delivery mechanism feasible, pigs 
might be actively immunized in utero against certain diseases. 
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The presence of eosinophilic globules in the cytoplasm of absorp­
tive cells may be an indication of absorbed colostral milk protein. 
There have been discrepancies in data obtained by various workers on 
23 24 25 
the duration of uptake of colostrum by piglets. ' * The individual 
variations of the piglets and the methods used may have contributed 
25 
to these differences. By using dextran blue, Martinsson and Jonsson 
found that piglets stop transporting the dye at 24 hours after birth; 
however, the uptake ability was still going on in their oldest experi­
mental pigs (6-day old). These workers also claimed that the trans­
portation mainly occurred in the lower half of the small intestine. 
Our results were similar to theirs. However, with the exception of the 
5-day-old pigs, we did not notice differences in absorptive ability 
between various portions of the small intestine. 
Our results on the frequency and the age of the occurrence of 
vacuolation in the absorptive cells are mostly in agreement with the 
26 
studies of Moon, except that Moon found no vacuolation in the jejunum 
after 11 days of age while we found vacuolation in the jejunum of 15-
27 day-old pigs. Clarke and Hardy found a positive correlation between 
the absorption of macromolecular polyvinyl pyrrolidone and the presence 
26 
of the vacuolated epithelium. Moon demonstrated that only the vacuo-
28 
lated epithelium retained Evans blue. In addition. Moon et al. 
proposed that the vacuolation was a function of the cell age in the 
pig ileal epithelium. 
The reason for the greater frequency of PMN in the intestinal 
mucosa of younger pigs was not determined. 
Table 1. Interepithelial lymphocytes (IEL)/100 absorptive cells in different segments of the 
small intestines in pigs from birth to 31 days of age. 
Numbers of IilL/100 absorptive cells at different locations 
Age 
(day) 1 2 3 4 5 6 Means 
0 5.8® + 1.6^ 3.0® ± 1-2 2.2® + 
00 o
 1.8® + 0.8 1.1® + 0.4 3.7® + 1.0 3.3 + 0.6 
1 4.7* + 0.5 2.5® + 0.5 1.7® + 0.4 1.1® + 0.7 3.2® + 1.0 1.6® + 0.5 2.5 + 0.6 
5 11.3® + 2.9 8.1® ± 1.5 7.2®' 1.1 5.9®' ^ + 0.9 4.1® ± 1.1 3.2® + 0.5 6.6 + 1.2 
15 13.8® + 2.5 9.4® ± I'l 11.cf + 2.7 9.5^ ± 1'7 7.8® ± 1.4 8.0® + 1.3 9.9 + 0.9 
31 51.6^ + 7.4 44.8^ + 8.2 34. + 3.1 39.5^ + 4.6 35.7^ + 5.6 27.3^ + 4.6 38.9 + 3.5 
Locations in the small intestine: 1: duodenum; 2-5: jejunum; 6: ileum. 
t 
Means + S.E. 
Means im each column with different superscript letters are significantly different (P < 0.05). 
Table 2. Numbers of absorptive cells at different locations in pigs from birth to 31 days of age. 
* 
Numbers of absorptive cells at different locations 
Age 
(day) 1 2 3 4 5 6 Ifeans 
0 81. ,2^ "h 8. ,5"^ 59.5* ± 4. 5 59.6*'\ 5. 6 59. 8*+ 5. 1 63. 2*+ 3. 6 75 .8*+ 4. 7 66.5+3. 9 
1 77. 2^ ± 7. 0 63.7*' \ 7. 6 53.6* + 6. 9 55. 8*+ 9. a 59. 3*+ 6. 1 77 .0*+ 3. 9 64.4+4. 2 
5 96. 0^" '±7. 8 89.1^' ^+12. 9 87.8*''^+13. 7 65. 2*+ 7. 7 67. 8*+ 3. 8 79 .2*+ 5. 3 80.9+5. 1 
15 117. \ 5 .  1 103.5^' ±4. 0 109.6^'^+ 4. 7 101. 8^+ 5. 8 88. 4*+l4. 9 121 .1V18. 1 107.044. 8 
31 123. 2^ +11. 4 124.8^ +10. 3 119.5^ +10. 0 129. 7^+12. 7 135. 7V17. 4 129 .7^13. 1 127.1+2. 4 
Locations in the small intestine; 1: duodenum; 2-5: jejunum; 6: ileum. 
t 
Means (per high dry field) + S.E. 
Means in each column with different superscript letters are significantly different (P < 0.05). 
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Table 3. Presence and intensity of vacuoles in the cytoplasm of 
absorptive cells in the small intestine in pigs from 
birth to 31 days of age. 
* 
Cytoplasmic vocuoles at different locations 
Age 
(day) 1 2 3 4 5 6 
0  _ _ _ _ _  I I  I  
1 _ _ _ _ _  I  I  I  
5 - + + ++ -H-f +++ 
15 - + - ++ -H-+ +++ 
31 — — — _ _ _ 
Locations in the small intestine: 1: duodenum; 2-5; jejunum; 6: ileum 
epithelium was occasionally vacuolated. 
epithelium was moderately vacuolated. 
epithelium was mostly vacuolated. 
Fig. 1. Arrangement of the small intestine for specimen collection. 
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Pyloric region 
Ileal-cecal junction region 
Fig. 2. Jejunum of 31-day-old pig. The majority of lymphocytes 
are found in the subnuclear level (arrows) above the 
basement membrane. H and E stain, 210X. 
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Fig. 3. Changes of the relative distribution (%) of interepithelial 
lymphocytes in the epithelium of the small Intestine of 
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Fig. 5. Ileum of 0-day-old pig. Two small but relatively well-defined 
germinal centers (arrows) are recognized in the PP. The 
dome region is developed and filled with loosely arranged 
lymphocytes. H and E stain, 150X. 
Fig. 6. Comparison of Peyer's patches (PP) from the ileum of 4-10 h 
old (left) and 31-day-old (right) pigs. The PP in 31-day 
ileum is much larger and the dome is tightly packed with 
lymphocytes ; the corona between the dome and germinal center 
is developed. The interlobular area is also fully established. 
Peyer's patch from pig of 4-10 h of age (left) has tiny 
germinal centers and poorly developed dome. H and E stain, 25X. 

Fig. 7. Jejunum of 1-day-old pig. The cytoplasm of the great majority 
of the absorptive epithelial cells is filled with homogenous 
globular materials (G). Most of the nuclei are pushed to 
the apex of the cells (arrows). H and E stain, 210X. 
Fig. 8. There are many histologically normal and degenerated cells 
resembling lymphocytes (arrow) mixed with mucinous materials 
adhered to the mucosal surface. Many lEL are also noted in 
the villous epithelium. H and E stain, 200X. 
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Summary 
Investigations involved macroscopic, microscopic, and ultrastruc­
tural observations of Peyer's patches (PP) and interepithelial lym­
phocytes (lEL) in the small intestine of 8-week-old pigs. 
An average of 21.5 PP (19-25) were in the small intestine. The 
anterior 1.8 m of the small intestine contained nearly 50% of the PP, 
and the duodenum had twice as many PP as any other region of similar 
length. 
2 
The surface area of individual PP varied from 0.24 cm in the 
2 duodenum to 180 cm in the ileum. Size increased from the duodenum 
to the ileum where a single PP had 75% of the total surface area of 
PP in the entire small intestine. 
Dome epithelium over PP consisted of somewhat cuboidal epithelial 
cells, a few goblet cells, a few plasma cells, numerous lymphocytes, 
and many M-cells. The dome epithelium with the underlying dome pro­
truded into the intestinal lumen and often was pyramidal in form. 
Ultrastructurally, membraneous (M) cells had fewer and larger micro­
villi than adjacent epithelial cells. Microvilli of M-cells varied in 
size, shape, and numbers. The M-cells had numerous lateral inter-
digitations and desmosomal junctions with adjacent microvillus-covered 
epithelial (MC) cells. The M-cells had moderate numbers of cytoplasmic or­
ganelles including mitochondria, rough endoplasmic reticulum, and more 
than one Golgi. Cytoplasmic vesicles were not prominent. The nuclei 
were indented and sometimes elongated. In addition, M-cells cooperated 
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with MC-cells to embrace one or more lymphocytes, and formed a struc­
turally specialized cell complex or dome epithelium (DE) complex-
Most of the lymphocytes in the DE complex were active based on the 
presence of more than one nucleolus and moderately increased numbers 
of cytoplasmic organelles. 
An average of 51.5 +2.8 lEL were seen per 100 absorptive cells 
and lEL decreased in numbers from the anterior to the posterior small 
intestine. Over half of the lEL (59.3% + 4.1%) were in the subnuclear 
level, 25.9% + 2.6% were in the nuclear level, and 14.8% + 1.7% were 
in the supranuclear level with respect to epithelial cells. The 
duodenum had fewer lEL in the supranuclear level and more in the sub-
nuclear level than did the other portions of the small intestine. 
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Payer's patches (PP) are aggregates of lymphocytes in the lamina 
propria and submucosa of the intestine. They contain three main com­
ponents; germinal centers which are referred to as the B-cell region; 
internodular areas known as the T-cell region; and dome areas which 
may be associated with the production of immunocompetent B-cells.^ 
The overlying dome epithelium found in several species of mammals 
differs from the epithelium of other sections of the small intestine 
2 
in that the cells are not columnar and some of the cells have surface 
microfolds instead of microvilli.These cells, referred to as 
M-cells, form a lattice embracing lymphocytes which could react direct-
3 ly with luminal antigens without leaving the dome epithelium. Keren 
et al.^ suggested that the specialized follicle-associated epithelium 
of PP may facilitate the recognition of antigen; and Kagnoff^ demon­
strated that PP T-cells could be primed specifically for helper T-cell 
functions. This suggests an antigen recognition mechanism in the PP, 
although the PP lack the environment necessary for the differentiation 
g 
of immunocytes. 
It has been proposed that interepithelial lymphocytes (lEL) migrate 
9 10 
from the lamina propria ' and are mostly of T-cell origin. There 
are many theories concerning the functions of these cells; however, 
none can fully explain the existence of lEL in the intestine. 
The great majority of the information available about gut-asso­
ciated lymphoid tissues (GALT) has been derived from mammals other than pigs. 
In this study, the PP of the small intestine of 8-week-old pigs 
were enumerated and described using macroscopic, microscopic, and 
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ultrastructural observations of dome epithelium and related structures. 
The number and location of lEL in the small intestinal epithelium were 
also studied. 
Materials and Methods 
Animals 
Four 8-week-old pigs (Duroc X Yorkshire) from different sows were 
used in this experiment. 
Specimen collection and gross examination 
The animals were killed by electrocution followed by exanguina-
tion . The small intestines were immediately separated from the 
mesentery and arranged in a serpentine configuration (Fig. 1); 
the size, number and distribution of FP were recorded from portions 
1 through 9 as shown in the right side of Fig. 1. The FP were re­
cognized as pale circumscribed areas slightly elevated above the serosal 
surface. The size (surface area) vas measured as length * width. At 
the same time, segments with and without PP were collected for light 
and electron microscopy at 6 constant positions in the small intestine 
as shown in Fig. 1. Specimen collection procedures for each animal 
were completed within 5 minutes after death. 
Light microscopy 
Specimens were fixed in a 10% (v/v) neutral buffered formalin 
solution (pH 7.3), embedded in paraffin, sectioned at 6 microns, and 
stained with hematoxylin and eosin, A light microscope with a 40x 
objective lens which covered a field 0.4 mm in diameter was used to 
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enumerate lEL. All of the epithelial cells and IEL were counted in the 
portion of a randomly selected villus which filled the field.. A total 
of 5 fields from 5 villi were examined with an average of 780 cells 
including lEL and epithelial cells enumerated from each specimen. The 
lEL were classified as subnuclear, nuclear or supranuclear according 
to their plane with relationship to the nucleus of adjacent absorptive 
cells. The results were expressed as the number of lEL per 100 absorp­
tive cells and as the percentages of lEL in each of the 3 levels. All 
numerical results were analyzed through the Statistical Analysis System 
(SAS)^ and Duncan's Multiple Range test (DMRT). 
The general histology of the small intestines with special 
emphasis on the structure of PP was also examined. 
Electron microscopy 
Specimens were collected from areas immediately adjacent to the 
specimens used for light microscopy. They were immediately immersed 
in 2.5% glutaraldehyde with O.IM PBS and 0.25M sucrose at pH 7.3 and 
trimmed into 1-2 mm x 2-3 mm blocks which were transferred into vials 
filled with fresh fixative. After at least 6 h of glutaraldehyde 
f i x a t i o n ,  t h e y  w e r e  w a s h e d  i n  P B S  a n d  t r i m m e d  a g a i n  i n t o  1 x 1  m m  
blocks which were then fixed in 1% OsO, in the same buffer solution for 
4 
1 h, washed in PBS, and dehydrated through a series of ethanol solutions. 
Epon mixture (Epon 812: 45.7 ml, DDSA; 31,0 ml, NTiA: 23,6 ml, DMP 30; 
1.5 ml)^ was used for infiltration and embedding. The blocks were 
^Developed by Institute of Statistics, North Carolina State University 
by A. J. Barr, and J. H. Goodnight. 
^Ladd Research Industries Inc. Burlington, VE 05401 
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hardened for one day at 60 C, trimmed, and sectioned with an LKB 
ultramicrotome.^ Sections were stained with uranyl acetate and lead 
citrate and examined with a HS-9^ electron microscope. 
Results 
Distribution, size and numbers of PP 
An average of 21.5 PP with a range from 19 to 25 were found in 
the small intestines of the 8-week-old pigs (Table 1). The anterior 
two of the 9 portions of the small intestine had 9.5 PP which rep­
resented almost 50% of the total PP in the small intestine. In 
addition, the first 0.3 to 0.5m of the small intestine (duodenum) had 
an average of 2.8 PP. This region had more than twice as many patches 
as any other region of the small intestine with a similar length. 
In all animals, there was a very large PP which involved a con­
tinuous area approximately 1.4m long in the terminal end of the small 
intestine. In 3 of the animals, this was the only PP which could be 
identified in the last 1.8m of the small intestine; one animal had 
one more small PP. 
2 
The surface area of individual PP varied from 0.24 cm in the 
2 duodenum to 180 cm in the ileum. The most posterior PP of the small 
intestine (ileum) was consistently the largest having greater than 75% 
of the total surface area of the PP in the small intestine. This large 
""LKB Ultra tome 1, LKB Producer AB, Rockville, MD. 20850. 
^HS-9 Hitachi Electron Microscope, Hitachi Perkin-Elmer, Chicago, IL. 60607. 
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ileal PP usually occupied one half of the circumference of the intestine. 
Numbers and positions of interepithelial lymphocytes 
An average of 51.5 + 2.8 lEL were found per 100 absorptive cells; 
however, the numbers of lEL fluctuated in different sections of the 
small intestine. A general pattern of decreasing numbers from anterior 
to posterior was observed (Table 2). The differences between locations 
of the lEL in the small intestine was statistically significant (P < 
0.05). The DMRT revealed that there was no significant difference 
(P < 0.05) between segments 1 through 5, and 4 through 6. However, there 
was significant difference between segment 6 and 1 to 3. 
In Table 3, it is seen that over half (59.3% + 4.1%) of the lEL 
were located at the subnuclear level; 25.9% + 2.6% at the nuclear level, 
and 14.8% + 1.7% at the supranuclear level. Analysis of variance and 
DMRT revealed significant differences (P < 0.05) between the positions 
of lEL in the epithelium of the small intestine. 
The duodenum (segment 1) had fewer lEL in the supranuclear level 
and more lEL in the subnuclear level than did the other segments in the 
small intestine (Table 4). 
Other histologic findings 
Peyer's patches in different parts of the small intestine were 
generally similar- Their domes protruded into the lumen to the same 
level as the surrounding villi (Fig. 2). 
The dome epithelium was usually a little thinner but contained 
more lEL than the ordinary villous epithelium and it appeared that the 
majority of the lEL were located supranuclearly. The epithelial cells 
were cuboidal and irregularly arranged. Goblet cells were few but 
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lymphocytes were numerous and tended to group together (Fig. 3). 
However, individual distribution of lymphocytes scattered in the dome 
epithelium was not uncommon. Some of the lymphoid follicles of PP 
were covered by two domes. 
Villi adjacent to the domes were relatively shorter, fewer in 
number, and less regular in arrangement than villi in other areas. 
Branching of villi was commonly found in the region close to the PP. 
More IEL were observed in the villous epithelium adjacent to the bases 
of the domes. The crypt to villus ratio was usually 1:1 or 1:2 in 
the area close to PP. Histologically normal lymphocytes and degen­
erated cells mixed with sloughed epithelial cells and mucinous materials 
were adhered to the mucosal surface of the small intestine, especially 
the mucosa near the PP. 
The area above the lymphoid follicles of the PP, including the 
dome and corona, were usually pyramidal (Figs. 2 and 4) with a large 
base close to the lymphoid follicle and a sharp top pointed toward the 
lumen. 
Lymphocytes of the dome included large, pale-stained and small, inten­
sely-stained cells. The pleomorphism of cell types was especially obvious 
immediately below the dome epithelium. The corona occupied a small 
region directly above and continuous with the lymphoid follicle. 
The corona was the area in the PP where lymphocytes were the most 
tightly packed and the majority of the cells were uniformly large 
lymphocytes with large pale nuclei. However, a few small lymphyo-
cytes and a few tingible body macrophages^ which had pyknotic nuclei 
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in the cytoplasm were present. Tingible body macrophages were 
numerous in lymphoid follicles beneath the corona. 
Electron microscopic findings 
Most of the epithelial cells over the dome were similar to ordinary 
absorptive cells, but the parallel arrangement of the absorptive cells 
on the villi was not regularly seen in the dome epithelium. The 
epithelial cells were usually arranged irregularly and mixed with 
both small and large lymphocytes. Plasma cells were observed in the 
dome epithelial layer (Fig. 5) although they were not found by light 
microscopy. 
The dome epithelium was also populated by M-cells (Figs. 6 and 7). 
These cells had fewer and larger microvilli than ordinary epithelial 
cells and could be higher or lower than the plane of the adjacent epi­
thelial surface- Loose and irregularly arranged, thick microvilli 
(Fig. 7), along with variations in the numbers of short and thick cyto­
plasmic projections on the cell surfaces (Fig. 8) were found in the M-
cell population. Sometimes, microfilaments (Fig. 7) could be seen in 
the microvillus-like projections of M-cells. They also had multiple 
long slender branched cytoplasmic processes which usually partially 
embraced one or more cells with the morphologic character of lymphocytes. 
The cytoplasmic processes of M-cells could be differentiated from 
other types of cells by cytoplasm which was less electron dense than 
that of ordinary microvillus covered epithelial (MC) cells and which 
was more dense than that of enclosed lymphocytes. 
When M-cells enclosed more than one lymphocyte, cytoplasmic 
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processes of the M-cells tended to extend between the lymphocytes. 
The MC-cells were also involved in this enclosure of lymphocytes. In 
Fig. 6, the upper boundary of a lymphocyte (LI) is almost completely 
covered by the complex interdigitations of two M-cells (A and B). 
The exception is where the MC-cell closely contacts this lymphocyte 
with its cytoplasmic processes. In the subsequent section (Fig. 7), 
most of the upper boundary of the lymphocyte (LI) is in contact with 
the MC-cell and only a small area of the lymphocyte is directly 
associated with the ît-cells. Generally, the majority of the boundaries 
of lymphocytes were associated with M-cells. 
M-cells usually formed numerous interdigital processes or zigzag 
structures and multiple desmosomal junctions with MC-cells (Figs. 6 
and 7). The interdigitating junctions were not found between M-cells 
and enclosed lymphocytes. The M-cells had moderate numbers of mito­
chondria and rough endoplasmic reticulum, as well as more than one 
Golgi apparatus; cytoplasmic vesicles were not prominent. The 
indented nuclei were sometimes elongated and were usually not found 
above the nuclei of surrounded lymphocytes. 
Some of the enclosed lymphocytes had more than one nucleolus, 
prominent Golgi, few mitochondria, rough and smooth endoplasmic 
reticulum, and many cytoplasmic pseudopods. There were no apparent 
junctional structures existing between the lymphocytes and surrounding 
epithelial cells. However, intimate contacts of the lymphocytes and 
M-cells were present. 
Many isolated lymphocytes apparently lacking M-cell enclosure 
were also found in dome epithelium; they had pseudopod-like cytoplasmic 
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processes and other features characteristic of M-cell-enclosed 
lymphocytes. Some of them were fairly close to the lumen with a 
narrow cytoplasmic barrier derived from several ordinary MC-cells 
(Fig. 9). A few degenerated cells resembling lymphocytes (Fig. 10), 
and a few goblet cells were also found in the dome epithelium. 
Discussion 
There are only a few reports on the distribution, size, and number 
of intestinal PP in mammals; however, the available information indicates 
that these parameters vary between species and between strains within 
species. In rabbits, Sackmann^^ found 7 PP with all located in the 
12 jejunum and ileum. In man, PP increase progressively in number from 
the duodenum to the ileum. Age is a critical factor for the appearance 
of PP in human beings. Numbers of PP containing more than 5 lymphoid 
follicles increase from 45 PP in a 24-week fetus to 239 in a 12-year-
12 13 
old, and decrease to about 100 between 70 and 95 ysars of age. Numbers 
of PP in mice vary; however, the size and distribution of PP are rather 
uniform in both mice and rats.^^ In mice the PP start in the duodenum 
and normally the entire intestine contains from 6.3 to 10.7 PP.^^ Abe 
and Ito^^ found 8.8+1.4 PP in the small intestine of dd-mice, but PP 
were more numerous and larger in the posterior end of the small intestine 
than those in the anterior end. The variation in numbers of PP may be 
related to the different strains of mice. In the present study, PP in 
pigs were more numerous in duodenum than in other segments of a similar 
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length in the small intestine, but the surface area of the PP in the 
duodenum was very small. The surface area of PP generally increased 
from anterior to posterior small intestine. These results are similar 
to those found in dd-mice.^^ The PP anterior to the ileocecal valve 
was always the largest one, involving about 1.4 m, and had a size 
greater than 75% of the total PP surface area in the small intestine. 
The distribution and size of this specific PP is similar to the 
sacculus rotundus in rabbit ileum. 
The M-cells in porcine small intestine were basically similar to 
those found in man and other animals,but the prominent cytoplasmic 
vesicles of M-cells found in other mammals were not observed. The 
M-cells were vastly different ultrastrueturally from other types of 
adjacent epithelial cells. They had remarkable lateral interdigita-
tions which formed zigzag structures with MC-cells and embraced one 
or more lymphocytes. Thick and loosely or irregularly arranged 
microvilli were found on the surface of M-cells. The sparseness or 
absence of cytoplasmic vesicles may indicate that, at the time the 
specimens were collected, the M-cells were not functionally active 
being either immature or not yet stimulated by luminal antigens. The 
presence of microfolds on porcine M-cells was not determined. 
Variations of microvilli of the M-cell were observed in other 
14 
mammals by Owen and Nemanic and were interpreted by them as having 
resulted from changes in osmotic pressure or variations in lateral 
tension at the cell surface but there might be other factors involved. 
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14 
It was suggested that M-cells are modified epithelial cells and 
all epithelial cells undergo a maturation process during cell migration 
from crypt to villus, so it is reasonable to presume that M-cells 
also follow this process; i.e. variations of the microvilli between 
M-cells may be a result of different stages in maturation or differen­
tiation. The presence of microfilaments in the villous projections 
of some M-cells, which are similar to those found in normal intestinal 
epithelial cells, also favors this theory. 
Transmission electron microscopy of serial sections in this 
study indicate that MC-cells cooperate with M-cells to enclose 
lymphocytes and form a structurally specialized cell complex or dome 
epithelium (DE) complex. More than one M-cell and MC-cell may be 
involved in embracing a given lymphocyte. The relationship of M-cell, 
MC-cell and lymphocyte in the DE complex is not mentioned in some 
r e p o r t s . H o w e v e r ,  i n  t w o  p u b l i s h e d  d i a g r a m s , o n l y  a  
single M-cell was shown to enclose several lymphocytes in the dome 
epithelium. The interrelationship of the cells in the DE complex 
of 8-week-old pigs is shown in Fig. 11. 
Ferritin can be taken up by specialized surface epithelial 
cells in the PP of the appendix of rabbits and in the bursa of Fabricius 
19 in the chicken. In sequential studies of the uptake of horse­
radish peroxidase (HRP) from PP in mice, Owen^^ found that 5 minutes 
after intraintestinal (II) injection, HRP was seen in cytoplasmic 
vesicles of M-cells but it was seen only on the surface of microvilli 
of columnar epithelial cells. Sixty minutes after II injection, the 
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M-cell-enclosed lymphocytes contained HRP particles which were also 
seen in the extracellular spaces between M-cells and lymphocytes. 
It was suggested that the M-cell with its enclosed lymphocytes 
serves to pick up luminal antigens. 
Segmented filamentous microbes of unknown species penetrating 
through the dome epithelium at the junctions between the M-cells 
and columnar cells, but not penetrating the M-cells, were recognized 
14 in the PP of the small intestine of nude mice by Owen and Nemanic. 
Similar microbes were also found attached to the surrounding columnar 
cells. They, therefore, stated that the M-cells did not appear 
particularly susceptible to microbial penetration, but concluded that 
M-cells were apparently important in immunological defense mechanisms 
because of their unique specialized structures and constant appearance 
in a wide variety of animal species. 
The presence of many cytoplasmic pseudopode, more than one 
nucleolus, prominent Golgi, moderate numbers of mitochondria, and 
rough endoplasmic reticulum in some M-cell-enclosed lymphocytes and in 
some isolated lymphocytes of pigs suggests that they were active. The 
3 
same evidence was reported by Owen and Jones in other mammals. 
The close proximity of the lEL to the intestinal lumen, and the 
presence of normal and degenerated lymphocytes adherent to the mucosal 
surface, suggested that at least part of the lEL were leaving the 
epithelium and entering the intestinal lumen. A similar conclusion 
was made by Abe and Ito^ in dd-mice. 
We also found degenerated cells, possibly of lymphocytic origin, 
in the intestinal epithelium. It is possible that a small population 
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of lEL die within the intestinal epithelium. This might have been a 
normal consequence of expulsion of old lymphocytes or it might have 
resulted from the lack of stimulation by luminal antigens and sub­
sequent failure of these originally functional lymphocytes to transform 
into active lymphocytes. 
In conclusion, IEL in the small intestines of pigs 1) are present 
in large numbers in the epithelium; 2) are largely viable lymphocytes; 
3) and are partially active lymphocytes. Therefore, we feel that the 
IEL entered the intestinal epithelium from the lamina propria not just 
for the purpose of final disposal, but more likely they have immunolo­
gical functions which have not been determined. 
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Table 1. Number of Peyer's patches found in different portions of 
the small intestine of 8-week-old pigs. 
Pig Ident. 
Peyer's patches in different portions of small intestine 
* 
1 2 3 4 5 6 7 8 9 Total 
A 5 3 1 2 1 2 1 3 1 19 
B 4 5 2 3 1 1 1 3 2 22 
C 5 4 2 2 2 1 1 2 1 20 
D 7 5 3 2 1 3 2 1 1 25 
Mean 5.3 4.2 2.0 1 2.3 1.3 1.8 1.3 2.3 1.3 21.5 
No. 1 represents the most anterior portion of the small intestine and 
No. 9 the most posterior (see Fig. 1). 
Table 2. Interepithellal lymphocytes (TEL) in 6 different locations of the small intestine 
of 8-week-old pigs. 
![EL per 100 absorptive epithelial cells 
Pig Ident. 1* 2 3 4 5 6 
A 52+7.2"^ 57 + 4.4 49 + 4.1 41 + 4.8 43 + 3.4 34 + 1.7 
B 67+6.0 53+4.4 57+2.3 62+5.8 34+3.5 37+4.4 
C 66+6.4 50+2.7 47+3.9 51+4.2 55+3.5 43+7.8 
:D 53 + 12.0 59 + 4.0 49 + 2.1 65 + 2.3 60 + 4.5 44 + 3.8 
Means 60^+ 4.1 55®+ 2.0 51^+ 2.2 55*'^+5.5 48^'V5.9 4o\ 2.4 
Locations in the small intestine: 1 : duodenum; 2-5: jejunum; 6: ileum. 
^Ifean + S.E. 
Means with different superscript letter» are significantly different (P < 0.05). 
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Table 3. Percentages of interpithelial lymphocytes (lEL) in three 
different levels in the epithelium of the small intestine 
of 8-week-old pigs. 
Pig Ident. 
Percentages of IEL 
Supranuclear Nuclear Subnuclear 
A 18.0 + 3.6* 29.9 + 4.4 52.1 + 6.6 
B 10.3 + 1.7 18.5 + 1.9 71.2 + 7.6 
C 16.2 + 3.2 26.2 + 2.9 57.6 +5.7 
D 14.5 + 1.3 29.0 + 2.5 56.5 + 2.4 
Mean 14.8®+ 1.7 25.9V 2.6 59.3^+ 4.1 
Mean + S.E.: Means were derived from 5 areas in each of 6 segments 
(n=30). 
Means with different superscript letters are significantly different 
(P< 0.05). 
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Table 4. Distribution of interepithelial lymphocytes (lEL) in 
three different levels of the epithelium in 6 segments 
of the small intestine of 8-week-old pigs. 
Segments 
Percentages of lEL 
Supranuclear Nuclear Subnuclear 
1 6.0* 19.0* 75.0* 
2 14.7*'b 19.2* 66.1*'^ 
3 18.9^ 26.3*'b 54.8^ 
4 14.9*'b 29.0*'^ 56.1^ 
5 17.9^ 32.4^ 49. 
6 15.8^ 28.1*'^ 56. l'' 
Means in the same column with different superscript letters are 
significantly different (P < 0.05). 
Fig. 1. Arrangement of small intestine for specimen collection 
(l*-6 ) and for recording of the size, number and 
distribution (1-9) of PP. 
Fig. 2. Many lymphoid follicles (F) of PP in the ileum. The dome 
epithelium over the dome (D) of the PP is pyramidal (arrows) 
in form and protrudes into the lumen to a level similar to 
that of the surrounding villi. H and E stain, 40X. 
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Ileal—cecal junction region 
i l» 
Fig. 3. The dome of a PP from the jejunum. Numerous lymphocytes 
(arrows) are found grouped together in the dome epithelium. 
There are also a few goblet cells (asterisks) in the dome 
epithelium. H and E stain, 290X. 
Fig. 4. A pyramid appearance is characteristic of the dome (D). 
Small lymphocytes are found in the dome. Tingible body 
macrophages (arrows) which engulf pyknotic nuclei are seen 
in the corona (C) which is directly above and continuous 
with the lymphoid follicle (F). H and E stain, 130X. 

Fig. 5. A plasma cell (PC) is found in the dome epithelium. It is 
separated from the lumen by the cytoplasm of an epithelial 
cell with features characteristic of an M-cell. 20,000X. 
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Fit*. 6. Two M-cells (A and B) in the dome epithelium of the PP from 
the anterior part of the small intestine enclose a lymphocyte 
(LI). A microvillus covered epithelial (MC) cell is seen 
between these two M-cells. This cell has desmosomal junctions 
(J) with the M-cells. There is partial contact (arrows) of 
the lymphocyte with the MC-cell. The enclosed lymphocyte 
has cytoplasmic pseudopods (asterisk) and more than one 
nucleolus. 25,000X. 
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Fig. 7. Ultrathin section adjacent to the section in Fig. 6 shows the 
upper boundary of the lymphocyte 1 (LI), in direct contact 
with the MC-cell. Less area is covered by the M-cells (M) 
which have thick and irregular microvilli with microfilaments 
(F) extending into the cytoplasm. The branching, filamentous 
cytoplasm (C) of the M-cells partially encloses 4 lymphocytes 
(LI, L2, L3 and L4). Mitochondria and two Golgi (arrows) 
are seen in the cytoplasm. The nuclei of the M-cells (NM) 
are indented and elongated. 10,500X. 
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Fig. 8. The microvilli of the M-cells (M) are sparse, thick, short, 
and irregularly arranged (arrows). Long slender cytoplasmic 
processes of the enclosed lymphocytes (L) are numerous. 
Many desmosomal junctions (asterisks) are present between 
M-cell and MC-cells (MC). 8,400X. 
Fig. 9. Lymphocyte in the dome epithelium is separated from intestinal 
lumen by a thin layer of cytoplasm including at least four 
(1 through 4) ordinary intestinal epithelial cells. A 
degenerated cell of unidentified origin (DL) is also found 
closely associated with this lymphocyte. 20,000X. 
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Fig. 10. A degenerated cell (DN), probably of lymphocytic origin, 
is found in the dome epithelium of a PP in the anterior 
part of the small intestine. The cytoplasm of the cell 
is sparce and the nucleus is prominent. 20,000X. 
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Fig. 11. The interrelationship of the M-cells (M) , MC-cells (MC), 
and lymphocytes (L) in the dome epithelium complex. 
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Summary 
The peroxldase-antiperoxidase (PAP) staining technique was used 
for the detection of transmissible gastroenteritis virus (TGEV) in 
small intestines of TGEV-infected 8-week-old pigs and in infected 
McClurkin pig testicle cells by means of light microscopy. The 
specific positive reaction was characterized by the presence of many 
brown granules of various sizes in the cytoplasm of infected cells. 
Nonspecific granules caused by endogenous peroxidases in the cytoplasm 
of eosinophils stained by PAP were darker, larger, more round and more 
uniform in size than were specific granules. Acetone fixation was 
superior to fixation with periodate-lysine-paraformaldehyde or 10% for­
malin.. Our results indicate that the PAP staining technique is a 
sensitive, specific technique for detection of TGEV in the small 
intestines of pigs. 
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Enzyme labeling of antibody for detection of antigen in tissues 
was first reported by Nakane and Pierce.^ Horseradish peroxidase 
(HRP) was conjugated with antibodies, reacted with the antigens and 
with a substrate, diaminobenzidine (DAB). Positive reactions con­
sisted of brown granular deposits at sites of specific antigen and 
labeled antibody reactions. The technique was an improvement over 
the ferritin-labeled antibody technique because the smaller HRP molecules 
penetrate more deeply into tissues than do conjugates of ferritin. 
Improved penetration of tissues is beneficial in electron microscopy 
(EM) as well as light microscopy; however, the labeled antibody method 
is complicated and the yield of high quality conjugate is low. 
2 Sternberger et al. developed an unlabeled antibody method which did 
not require the conjugation step. They utilized the peroxidase -
antiperoxidase (PAP) complex to stain the tissue which had been treated 
with a second antibody which was an antibody against the immunoglobulins 
of an animal used for the production of the previously applied specific 
antibody. The producLiotx of the FAF complex results in a high, constant 
yield and it is more homogenous than conjugates of HRP with antibody. 
This technique has been used for detection of tissue antigens by means 
of EM^. 
Although transmissible gastroenteritis virus (TGEV) antigen has 
been demonstrated in heavily infected tissues by means of immunofluores­
cence, definitive localization of the antigen within various cells has 
not been possible, especially when the amount of antigen is small. 
The present investigation was undertaken to evaluate the PAP technique 
for the detection of TGEV in the swine intestine by light microscopy. 
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Materials and Methods 
Animal and specimen collections 
Two healthy 8-week-old pigs from a farm with no history of TGEV 
infection were inoculated intragastrically by means of stomach tubing 
with 1 ml of gut tissue suspension containing IO^TCID^q of the Illinois 
strain of TGEV. Two normal 8-week-old pigs from the same farm were 
used as controls. Pigs were electrocuted 24 h post Inoculation. The 
small Intestines were immediately separated from the mesentery and 
arranged in ten rows. Six segments were collected from constant sites 
in all pigs (Fig. 1), frozen immediately in liquid nitrogen, and stored 
at -20 C. Monolayered McClurkin pig testicle^ cells were inoculated 
with TGEV or covered by minimum essential medium with lactoalbumin 
hydrolysate, and fixed in chilled acetone 24 h after inoculation. 
Production of TGEV antibody 
Six 2-month-old rabbits were inoculated in the sublingual vein with 
1 ml cell culture fluid containing TGEV (Illinois strain) in a concen­
tration of IO^TCID^q. One month and 2 months later, booster injections 
of TGEV with the same concentration mixed with complete Freund's adjuvant 
were given intramuscularly. Two weeks after the last injection, blood 
was collected from the rabbits and the serum was frozen at -20 C. The 
specific antibody titer was measured by plaque reduction test in 
McClurkin pig testicle cells infected with TGEV (Miller strain) and 
expressed as plaque reduction units (PRU). 
^From Dr. Arlan W. McClurkin, National Animal Disease Center, North 
Central Region, Agricultural Research Service, U.S. Department of 
Agriculture, Ames, Iowa 50010. 
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Fixing and Staining Techniques 
Three fixatives were used for comparative purposes. These included 
periodate-lysine-paraformaldehyde (PLP)acetone, and buffered 10% 
formalin. 
Frozen specimens were cross-sectioned using a cryostat at -20 C. 
Six to 8 y sections were positioned on clean glass slides, fixed in 
chilled acetone (6 C) for 30 minutes, and washed 3 times for 5 minutes 
each in 0.05M PBS (pH 7.3). They were then stained according to the 
following protocol.^ 
1. Normal goat serum^ (1:10 or 1:20 v/v) was placed on the 
specimens for 30 minutes. 
2. Specimens were treated with rabbit anti-TGEV antiserum at 
dilutions of 1:10, 1:100, 1:500, 1:750 or 1:1,000 v/v. 
3. Goat anti-rabbit IgG serum*^ was layered on the specimens at 
dilutions of 1:10, 1:20, 1:50 or 1:100 v/v. 
4. Specimens were covered with PAP^ (1:25, 1:50 or 1:100 v/v). 
5. Specimens were treated in a staining jar with freshly 
prepared 0.05% DAB^ + 0.005% HgOg solution for 5 minutes. 
6. The reaction was intensified by treatment with 1% OsO^ for 
2 minutes. 
^Modified from the method established by Sternberger et al.^ 
From peroxidase - antiperoxidase kit purchased from Cappel laboratories 
Inc., Cochranville, PA, USA. 
^Constant stirring for 30 minutes at room temperature is required to 
dissolve DAB because it does not readily dissolve in PBS. Undissolved 
DAB is then removed by filtration. 
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7. Specimens were covered with mounting medium® and cover glasses, 
and examined with a light microscope. 
All procedures were carried out at room temperature. The specimens were 
washed 3 times with PBS for 5 minutes each after steps 1 through 6. In 
order to destroy endogenous peroxidase some specimens were treated with 
O.OIN, 0.05N or O.IN HCl prior to step 1. Known normal and TGEV-infected 
McClurkin pig testicle cells and pig intestines treated as above in step 
1 through 6 served as positive controls. Negative controls consisted 
of the same specimens treated with normal rabbit serum or with swine 
anti-TGE antibody. The best combinations of different antibody dilutions 
were determined by using TGEV-infected primary pig testicle cells grown 
in 8-charaber-microslides. 
Results 
All normal specimens including pig testicle cell cultures (Fig. 2) 
and frozen pig intestines (Fig. 3) were negative for the PAP reaction. 
The TGEV-infected specimens were also negative when the rabbit anti-TGEV 
antibodies were replaced by normal rabbit serum or swine anti-TGEV anti­
bodies. All TGEV-infected specimens including pig testicle cells and 
frozen pig intestines were positive for PAP as evidenced by the pres­
ence of brown granular pigments of various sizes in the cytoplasm of 
infected cells (Figs. 4 and 5). 
The best combinations of dilutions of different antibodies used in 
Cover bond mounting media (50%, v/v in xylene). Scientific 
Products, McGaw Park, IL 60085. 
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this staining technique were determined by using pig testicle cells 
grown in 8 chamber microslides. These were as follows : Normal goat 
serum, diluted 1:10; rabbit anti-TGEV antiserum with a titer of 320 
to 640 PRU, diluted 1:750; goat anti-rabbit IgG, diluted 1:50; and PAP 
diluted 1:50. The maximal concentration of HCl that destroyed the 
endogenous peroxidase and still retained the specific positive reaction 
in TGEV infected cells was 0.05N as shown by the loss of large and dark, 
uniform, cytoplasmic granules of eosinophils (Fig. 6). However, very 
faint brown granules were occasionally found in the cytoplasm of a few 
of these cells. The antigenecity of TGEV was partially destroyed by HCl, 
as shown by the presence of less numbers and reduced intensity of the 
specific brown granules in the infected cells. 
Of the 3 fixatives, acetone fixation was superior to fixation with 
PLP or formalin. Fixation with PLP resulted in reduced intensity of 
the positive staining reaction while tissues fixed with formalin were 
virtually devoid of nositive granules. 
Discussion 
It has been stated that the PAP staining method is at least 20 times 
more sensitive than the labeled antibody sandwich method^ and is 16,000 
to 100,000 times more sensitive than radioimmunoassay for detecting 
adrenocorticortropic hormone in rats.^ 
The sensitivity and reliability of the commercial PAP used in this 
study yielded satisfactory results. We obtained specific reactions even 
when rabbit anti-TGEV serum with a PRU titer of 320 to 640 was diluted 
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1:750. Since the positive reactions were seen in all specimens collected 
from infected pigs, we consider this method to be satisfactory for the 
detection of the TGEV antigen in tissues. However, it is a time con­
suming procedure and should be simplified if it were to be used as a 
routine diagnostic tool. 
Endogenous peroxidase has been a great problem in the immunohisto-
chemical localization of antigens in tissues. Some of the methods that 
have been developed to destroy this undesired nonspecific positive re­
action include use of 1) methanol fixation followed by treatment with 
hydrogen peroxide,^ 2) 1% sodium nitroferricyanide and 1% acetic acid 
Q 
in methanol as a fixative, 3) 0.074% HCl in ethanol followed by treat-
9 
ment with methyl green pyronin. In this study, we used a low concen­
tration of HCl (0.05N) which destroyed the endogenous peroxidase in 
eosinophils while retaining the antigencity of TGEV. However, residual 
peroxidase in the cytoplasmic granules in the eosinophils created further 
confusion in the interpretation of the specific positive reaction. The 
nonspecific granules in the cytoplasm or eosinophils in uriLrêàtëd 
specimens could be differentiated from those of specific granules in the 
cytoplasm of TGEV infected epithelial cells in that they were larger, 
more round and of uniform size. 
Normal goat serum is required for the reduction of nonspecific 
binding of some molecules on the porcine tissue in order to decrease 
background staining. Use of high concentrations of the normal serum 
produced the most satisfactory results. 
The peroxidase staining technique is one of the histochemical methods 
suited for localizing antigens in animal tissues. The PAP technique has 
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not been widely used in veterinary medicine. However, we recommend 
it as a method for use in detecting antigens in tissue specimens 
because : 
1. Peroxidase-antiperoxidase gives constant results because of 
homogeneity of the complex. 
2. Peroxidase stained tissues can be examined by ordinary light 
microscopy, and stored for a long time. 
3. It is remarkably sensitive for detection of antigens in the 
tissues. 
4. It is one of the few available techniques by which one can 
correlate light microscopic findings with those obtained with 
the electron microscope. 
Fig. 1. Arrangement of the small intestine for specimen collection 
from the duodenum (1) to the ileum (6). 
Fig. 2. No positive PAP reaction is seen in this noninfected monolayer 




Iloal—cecal junction region 
Fig. 3. Normal porcine small intestine pretreated with 0.05 N HCl 
and stained by PAP. No positive reaction can be detected, 
and the villi are long and intact. 43X. 
Fig. 4. Section of the small intestine of a TGEV-infected pig stained 
by PAP. Positive granules (arrows) are found in the cytoplasm 
of epithelial cells of atrophic villi and in eosinophils 
(asterisks) in the lamina propria. In comparison with the 
granules in the eosinophils, the granules in the epithelial 
lining cells (insert) are smaller and irregular in size. 
210X; 500X (insert). 
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Fig. 5. Monolayer of pig testicle cells infected with TGEV and stained 
by PAP. Dark granules in the cytoplasm are present in many 
infected cells (arrows). 210X. 
FiR. 6. The small intestine of a TGEV-infected pig pretreated with 
0.05 N HCl before PAP staining. Positive granules in the 
eosinophils of the lamina propria are remarkably reduced but 
the antigenicity of TGEV is partially destroyed. 210X. 
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Summary 
The responses of the interepithelial lymphocytes (lEL) and Peyer's 
patches (PP) of the small intestines of 8-week-old pigs to transmis­
sible gastroenteritis virus (TGEV) infection were characterized at 
12 h, 18 h and 24 h post inoculation (PI). 
There was no significant difference in numbers of lEL between 
control and TGEV-infected pigs at 12 and 18 h PI. However, in pigs 
examined 24 h PI, there was a significant decrease in the number of lEL 
in the duodenum and anterior jejunum and an increase of lEL numbers 
in the nuclear level of the intestinal epithelium. Number and distri­
bution were unchanged in the middle jejunum and the ileum. 
Histological findings in TGEV-infected pigs included microulcera-
tion of the dome epithelium over the PP especially in the anterior 
portion of the intestine and villous atrophy in the entire length of 
the small intestine. Generally, TGEV was found by means of peroxidase-
antiperoxidase staining in areas where histologic lesions occurred. 
Electron microscopy revealed that M-cells and ordinary micro-
villus-covered epithelial (MC) cells in the dome epithelium embraced 
one or more lymphocytes, and formed a specialized cell complex or 
dome epithelium (DE) complex. Most of the lymphocytes in the DE 
V 
complex possessed many organelles indicative of an active cell 
state. The TGEV was found between villi, in the cytoplasmic 
vesicles of M-cells and MC-cells in the dome epithelium, and in the 
cytoplasm of macrophages and lymphocytes and some degenerated cells of 
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unidentified origin in the domes of the PP. The virus was also 
commonly found in cytoplasmic vesicles of macrophages and degenerated 
cells in the intestinal lumen near the base of the dome of the PP. 
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Transmissible gastroenteritis (TGE) is a highly contagious enteric 
disease affecting pigs of all ages but causing serious losses only 
in pigs younger than 2 weeks of age. The affected young animals have 
severe watery diarrhea, vomiting and dehydration. 
Transmissible gastroenteritis virus (TGEV) is believed to attack 
only intestinal absorptive epithelial cells as evidenced by light 
12 3 
microscopy ' and electron microscopy. Specific antibody 
has been found to be secreted into the intestinal lumen^ and milk^ of 
swine infected by TGEV. However, how and where the virus interacts 
with the immune system in the gut in order to evoke the immunologic 
defensive response has not been determined. 
Recent work on gut immunity has focused on lymphoid tissues 
known as gut-associated lymphoid tissue (GALT). This work has related 
mainly to Peyer's patches (PP) because of their structural similarity 
to the bursa of Fabricius. Progress in morphologic studies of the 
PP was made by the discovery of M-cells in the dome epithelium of 
the small intestine of many mammals.^These M-cells are specialized 
epithelial cells which enclose lymphocytes and have pinocytotic 
g 
activity. Owen suggested that M-cells have the special function of 
9 
phagocytosing intraluminal antigens. Abe and Ito also concluded that 
this specialized area in the PP is a site where intestinal antigens 
might contact lymphocytes. 
In other work, we confirmed the presence of M-cells in dome 
epithelium of the PP in the pig intestine and proposed the possible 
importance of interepithelial lymphocytes (lEL) in immunity of the pig. 
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The present experiment was designed to determine the morphologic 
alterations of PP with emphasis on the dome epithelium and changes 
in numbers of IEL during TGEV Infection. The possible role of IEL 
and PP in gut immunity were also studied by means of light and 
electron microscopy and the peroxidase-antiperoxidase (PAP) staining 
technique. 
Materials and Methods 
Animals and inoculation 
Eighteen 8-week-old pigs (Duroc X Yorkshire) were used in this 
experiment. Twelve of the animals were inoculated intragastrically 
by means of a stomach tube with 1 ml of intestinal suspension con­
taining TGEV (Illinois strain) at a concentration of lO^TCID^g. The 
infected pigs were electrocuted at 12 h, 18 h and 24 h post inoculation 
(PI); five pigs each at 12 and 18 h PI, and two pigs at 24 h PI 
were used. Six control pigs were also killed by the same procedure. 
Specimen collections 
The small intestines were separated from the mesentery immediately 
after the animals were dead, and were arranged in a serpentine config­
uration as shown in Fig. 1. Specimens were collected for light and 
electron microscopy, and peroxidase-antiperoxidase staining at 6 
locations in the small intestine (Fig. 1). Collection procedures 
were completed within 5 minutes after death of each animal. 
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Light microscopy 
Specimens were fixed in a 10% (v/v) neutral buffered formalin 
solution (pH 7.3), embedded in paraffin, sectioned at 6 microns, 
and stained with hematoxylin and eosin. A light microscope with a 
40x objective lens with a field of 0.4 mm in diameter was used to 
enumerate IEL numbers. All of the epithelial cells and lEL were 
counted in the portion of a randomly selected villus which filled 
a high dry field. A total of 5 fields from 5 villi were examined 
with an average of 820 cells including IEL and epithelial cells 
enumerated from each specimen. The IEL were classified as subnuclear, 
nuclear or supranuclear according to their plane with relationship 
to the nucleus of adjacent absorptive cells. The results were 
expressed as the number of lEL per 100 absorptive cells and as the 
percentages of IEL in each of the 3 levels. All numerical results 
were analyzed using the Statistical Analysis System (SAS)^ and Duncan's 
Multiple Range test (DMRT). 
The general histology of the small intestines with special 
emphasis on the structure of PP was also examined. 
Electron microscopy 
Specimens were collected from areas immediately adjacent to the 
specimens used for light microscopy. They were immediately immersed 
in 2,5% glutaraldehyde with O.IM PBS and 0,25M sucrose at pH 7,3 and 
trimmed into 1-2 mm x 2-3 mm blocks which were transferred into vials 
^Developed by Institute of Statistics, North Carolina State University 
by A. J. Barr, and J. H. Goodnight. 
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filled with fresh fixative. After at least 6 h of glutaraldehyde fixa­
tion, they were washed in PBS and trimmed again into 1 x 1 m blocks 
which were then fixed in 1% OsO^ in the same buffer solution for 1 h, 
washed in PBS, and dehydrated through a series of graded ethanol solu­
tions. Epon mixture (Epon 812: 45.7 ml, DDSÂ: 31 ml, NMA.: 23.6 ml, DMP30: 
1.5 ml)^ was used for infiltration and embedding. The blocks were 
hardened for one day at 60 C, trimmed, and sectioned with an LKB ultra-
microtome.^ Sections were stained with uranyl acetate and lead citrate 
and examined under a HS-9'^ electron microscope. 
Production of TGEV antibody 
Six 2-month-old rabbits were inoculated in the sublingual vein with 
IO^TCIDjq TGEV (Illinois strain) in 1 ml of cell culture fluid. One month 
and two months later, booster injections of TGEV in the same concentration 
mixed with complete Freund's adjuvant were given intramuscularly. Two 
weeks after the last injection, blood was collected from the rabbits and 
the serum was frozen at -20 G= The specific antibody titer was measured 
by plaque reduction test in McClurkin pig testicle cells^ infected with 
TGEV (Miller strain) and expressed as plaque reduction units (PRU). 
Peroxidase-antiperoxldase staining technique 
The collected specimens were frozen immediately in liquid nitrogen 
and stored at -20 C. 
^Ladd Research Industries, INC, Burlington, VÉ 05401 
^LKB Ultratome 1. LKB-Producker AB. Rockville MD 20850 
"hS-9 Hitachi Electron Microscope, Hitachi Perkin-Elmer, Chicago, IL 60607 
^From Dr. Arlan W. McClurkin, National Animal Disease Center, North 
Central region. Science Education Administration, U.S. Department of 
Agriculture, Ames, lA 50010 
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Frozen intestines were cross-sectioned using a cryostat, at -20 C. 
Six to 8 u sections were positioned on clean glass slides, fixed 
in chilled acetone (6 C) for 30 minutes and washed 3 times for 5 minutes 
each in 0.05M PBS (pH 7.3). They were then stained according to the 
following protocol.^ 
g 
1. Normal goat serum (1:10) was placed on the specimens for 
30 minutes. 
2. Specimens were treated with rabbit anti-TGEV antibodies 
(1:750) for 30 minutes. 
g 
3. Goat anti-rabbit IgG serum (1:50) was layered on the 
specimens for 30 minutes. 
g 
4. Specimens were covered with PAP (1:50) for 30 minutes. 
5. Specimens were treated in a staining jar with freshly 
prepared 0.05% diaminobenzidine^ (DAB) + 0.005% H^Og solution 
for 5 minutes. 
6. The reaction was intensified by treatment with 1% OsO^ for 
2 minuteâ. 
7. Specimens were covered with mounting medium^ and a cover 
glass, and examined by light microscopy. 
^Modified from the method established by Sternberger et al.^^ 
g 
From peroxidase-antiperoxidase kit purchased from Cappel Laboratories 
Inc., Cochranville, PA., 19330 
^Constant stirring for 30 minutes at room temperature is necessary to 
dissolve adequate DAB because it does not readily dissolve in PBS, 
undissolved DAB is filtered out. 
•"•Cover bond mounting media (50% in xylene), Scientific Product, McGaw Park, 
IL 60085. 
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All procedures were carried out at room temperature. The specimens 
were washed 3 times with PBS for 5 minutes after each procedure in 
steps 1 through 6. Known normal and TGEV-infected McClurkin pig 
testicle cells and pig intestine which were treated as above in step 
1 through 6 served as a positive control; negative controls consisted 
of the same specimens treated with normal rabbit serum or with swine 
anti-TGEV antibody in step 2 instead of rabbit anti-TGEV serum. 
Results 
Numbers of interepithelial lymphocytes 
Data from control pig with adenovirus infection were excluded from 
the enumeration of the lEL. 
The results indicated that IEL in small intestines of normal 8-
week-old pigs decreased from the anterior to the posterior end (Table 
1). There was no significant difference in numbers of lEL between 
the control and TGEV-infected pigs at 12 h and 18 h PI as shown in 
Table 1. However, the numbers of IEL were significantly less at 24 h 
PI. Results also indicated that more IEL were found at the nuclear 
level in the intestinal epithelium at 24 h PI than at 12 or 18 h PI. 
However, these changes were not present in segments 3 and 6, the 
segments taken from the middle jejunum and the ileum, respectively(Table 2). 
His tôpâËhôlûsy 
The prominent feature was the shortening of villi throughout 
the small intestines in all of the TGEV-infected pigs. Specimens 
from pigs 24 h PI presented the most severe atrophy. Villous atrophy 
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was most severe in the jejunum, of intermediate severity in the 
duodenum and least severe in the ileum. 
Tips of the shortened villi were covered by•cuboidal instead of 
columnar epithelial cells. The rest of the epithelial cells of the 
atrophic villi were still columnar in appearance. Villous atrophy was 
less advanced in specimens collected at 12 h PI than at 18 and 24 h PI. 
Dome epithelium was also affected (Fig. 2) as evidenced by necrosis 
of epithelial cells, microulceration of epithelium, and accumulations 
of necrotic and inflammatory cells in the lumen. The latter feature 
was seen most often in the area close to the base of the dome epithe­
lium. 
Many histologically normal lymphocytes, as well as sloughed 
epithelial cells mixed with mucinous fluid were adhered to the mucosal 
surface of some villi, especially near PP, in both normal and infected 
pigs. However, the accumulations were more prominent in the latter. 
Peroxidase-antiperoxldase staining 
All of the normal spGciir^cns including pig testicle cell culture 
and frozen pig intestines were negative for the PAP reaction. The 
TGEV-infected specimens were also negative when rabbit anti-TGEV 
antiserum was replaced with normal rabbit serum or swine anti-TGEV 
antiserum. 
Areas of TGEV antigen accumulations as indicated by strong 
PAP staining correlated well with lesions found in H and E stained 
sections. Positive reactions were most intense in the jejunum, de­
creased in the duodenum, and were least intense in the ileum at 12, 
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18, and 24 h PI. Although there were some differences in the intensity 
of the positive reactions between different PI groups, they were not 
consistent. 
The PP and dome epithelium in the anterior small intestine were 
very difficult to identify in the frozen sections. The few dome sites 
recognized in the anterior small intestine and the dome sites in the 
ileum were PAP-negative for TGEV antigen. 
Electron microscopy 
There were many M-cells in the dome epithelium. They had fewer 
and larger microvilli than ordinary epithelial cells. Microvillous 
projections of the M-cells varied in number and in uniformity of 
arrangement. These cells had elongated and branched cytoplasmic 
processes which cooperated with ordinary microvillus-covered epithelial 
(MC) cells to embrace at least one lymphocyte (Fig. 3). Most of the 
lymphocytes in these dome epithelium (DE) complexes were active as 
evidenced by the presence of more than one nucleolus, moderate numbers 
of mitcchcndria and rough endoplasmic rsticulisi, and sisny cytoplasmic 
pseudopods. The M-cells contained moderate numbers of mitochondria 
and rough endoplasmic reticulum as well as several Golgi. 
In all infected small intestines, TGEV was found on and between 
the microvilli, in the cytoplasm of absorptive cells, in M-cells 
of the dome epithelium (Fig. 4), and in degenerated cells and macrophages 
in the intestinal lumen close to the base of the dome epithelium. 
In addition, viral particles were seen in the cytoplasm of some 
degenerated cells of unidentified origin (Figs, 5 and 6) and in some 
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cells thought to be macrophages (Figs. 7 and 8) and lymphocytes 
(Figs. 9 and 10) in the dome close to the dome epithelium of the 
PP in the anterior portion of the small intestine of one pig each 
at 18 h and 24 h PI. 
There were extensions of intercellular spaces between epithelial 
absorptive cells, lymphocytes of DE complex, and cells in the dome 
of the small intestine in infected pigs. Accumulations of empty 
vacuoles and fat vacuoles and disrupted membranes were also found in 
TGEV-infected cells. The nuclei of some of the degenerated cells 
had an irregular granular appearance and were electron dense, while 
others were electron lucent because of loss of nuclear matrix. 
Cytoplasmic vesicles of some of the M-cells containing incom­
plete viral particles were very close to the attachment of the M-cells 
with enclosed lymphocytes (Fig. 11). Most of the viral particles 
observed in infected cells were within cytoplasmic vesicles. The 
particles varied in size from 30 nm to 90 nm and varied in shape 
(Fig. 8). Solid as well as empty cores were seen (Fig. 11). However, 
most pat tides were round and had a dark core with a light center 
surrounded by an indistinct, pale ring-like structure. A few of them 
were budding from the vesicle membrane. Adenovirus-like particles 
were found in the nuclei of M-cell-enclosed lymphocytes (Figs. 12 and 
13) in the dome epithelium of the small intestine of another control 
animal. No inclusion bodies were seen by means of light microscopy. 
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Discussion 
Our results indicated that lEL numbers decreased in pigs 24 h PI, 
this may have resulted in part but not entirely from decreased thickness 
of the villous epithelium. The presence of more lEL at the nuclear 
level of the intestinal epithelium of pigs at 24 h PI can also be 
partially explained by decreased thickness of the epithelium. Nuclei 
of cuboidalized epithelial cells occupied almost the entire thickness 
of the epithelium thus increasing the likelihood of lEL being classified 
as being at the nuclear level. However, we could not rule out the 
possibility of a real decrease of absolute lEL numbers and real increase 
of nuclear lEL in TGEV infection. The sparseness of these changes in 
Segs. 3 and 6 can not be explained. 
Evaluation of level of lEL in this study gave no indication of the 
role of lEL in the disease. Possibly, observation at stages of disease 
longer than 24 h PI would be helpful. Further experiments with longer 
observation periods after inoculation are necessary. 
Viral particles in the cytoplasmic vesicles of infected cells 
varied in configuration and size. Similar results were obtained by 
11 3 
Thake and Wagner et al., and were interpreted to reflect different 
stages in viral maturation. Particles containing translucent nuclei 
varying in size and shape were assumed to be incomplete or immature 
while round particles with dark cores and light centers surrounded by 
indistinct pale ring-like structures were probably mature viruses. 
g 
Owen found that horseradish peroxidase (HRP) was taken up by M-
cells and transported directly to enclosed lymphocytes without being 
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digested by lysosomal enzymes. Owen and Nemanic stated that M-cells 
did not appear to be particularly susceptible to microbial penetration 
but apparently played a role in the immunological defense mechanism. 
In our study, TGEV was not only taken up by M-cells but also appeared 
to replicate in the cytoplasm. Close proximity of TGEV in the Mkcells 
to the enclosed lymphocytes suggests that DE complex is involved in 
the immune response of the gut to antigens. The finding of adenoviruses 
in nuclei of lymphocytes which were enclosed by M-cells in one control 
animal may be additional evidence of the immunological role of these cells. 
Direct evidence that PP produce specific antibodies has not been 
13 
obtained. However, Craig and Cebra showed that lymphocytes from PP 
differentiated into IgA-producing cells when injected into irradiated 
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rabbits. Kagnoff and Campbell demonstrated in vitro that PP contained 
antigen-sensitive B-cells and T-cells. However, PP were deficient in 
the adherent cells required for induction of both humoral antibody 
synthesis and antibody-dependent cell-mediated cytotoxicity. It has 
been suggested^^'^^'^^ that antigen interacts with antigen-ssnsitive 
lymphocytes in PP which then move into regional lymph nodes. These 
cells may then go to the superior mesenteric duct and then to the 
thoracic duct. Eventually the immunocytes with IgA surface receptors 
home to the intestinal lamina propria, and there the final differentia-
18 
tion of immunoblasts to plasma cells takes place. The cycle of 
activated antibody-producing lymphocytes of PP origin is completed as 
they convert to plasma cells and secret IgA which passes through the 
crypt epithelial cells into the gut lumen. In the present experiment, 
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TGEV replicated in lymphocytes and macrophages in the dome close 
to the dome epithelium which is believed to be a site for antigen-
lymphocyte interaction.^^ It appears that the immune response 
following TGEV infection may follow a pathway similar to that described 
above. Virus is taken up by the M-cells and replicates in the cyto­
plasm. The antigen of the virus could then be transferred to the M-
cell-enclosed lymphocytes, which could migrate into the dome and 
provide the virus with an environment appropriate for further replica­
tion as observed in this study. These actions would elicite a sequence 
of immune responses in the PP and ultimately in the systemic lymphoid 
tissues. 
The histopathologic results were essentially similar to the results 
of previous reports^including villous atrophy and cuboidalization 
of villous epithelial cells except for the finding of microulceration 
and necrosis in the dome epithelium of some of the PP in the present 
study. In addition, the damage in the duodenum was more severe than 
that in the ileum. The cuboidalization of the epithelium of the small 
intestine at and before 24 h PI occurred only at the tips of the atrophic 
villi,the rest of the epithelial cells in the villi were still columnar 
in shape. It appears that the cuboidal epithelial cells may be de­
generated cells or the cells which stretch themselves to compensate for 
loss of epithelium in the infection, instead of immature uninfected epithe­
lial cells replaced by the crypt. Large amounts or necrotic debris and 
inflammatory cells in the lumen were found mostly near the base of the 
PP domes of infected pigs. This predominant location is interpreted as 
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having been the result of less washing away of debris in these areas 
during tissue processing because of the recesses which occur naturally 
at the base of the dome epithelium. 
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Table 1. Changes of numbers of IEL/100 absorptive cells in the 
epithelium of small intestines of pigs after TGEV 
inoculation. 
Numbers of IEL/100 Absorptive Cells 
* 
Segments 
Treatment 1 2 3 4 5 6 
Control 58.6* 59.5* 55.2* 55.8* 44.9* 45.9* 
12 h 66.8* 70.9* 63.5* 65.5* 55.8* 49.8* 
18 h PI 73.2* 64.1* 64.7* 61.4* 58.0* 56.5* 
24 h PI 40.1* 33.1^ 53.8* 47.8* 19.6^ 38.9* 
Different portions of the small intestine from anterior to posterior 
end are designated as segment 1 through 6. 
•f-
PI: post inoculation. 
Means in each column with different superscript letters are significantly 
different (P < 0.05). 
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Table 2. Changes of percentages of IEL in different levels in the 
epithelium of the small intestines of TGEV-infected pigs. 
Percentages of IEL in different levels in the intestinal epithelium 
* 
Seg. 1 Seg. 2 Seg. 3 
Treat­
ment if 2 3 1 2 3 1 2 3 
Control 15.5* 28.0* 56.5* 12.7* 21.3* 66.0* 13.8* 26.4* 59.9* 
12 h Pil­ 13.8* 34.1*'^ 52.1* 14.2* 31.2^ 54.6* 11.4* 30.1* 58.5* 
ls h PI 6.6* 28.4* 65.0* 13.3* 29.2^ 57.5* 15.1* 31.4* 53.5* 
24 h PI 5.5* 50.3^ 44.2* 6.7* 37.4^ 55.9* 4.6* 35.1* 60.3* 
Seg. 4 Seg. 5 Seg. 6 
Treat­
m e n t  1 2 3  1  2 3  1 2 3  
Control 16.1* 28.1* 55.8* 17.8* 30.2* 52.0* 9.6* 32.8* 57.6* 
12 h PI 10.8* 32.1*'" 57.1* 10.2" 28.5* 61.3*'" 10.3* 29.8* 59.9* 
18 h PI 14.6* 24.6* 60.8* ll.l*'b 24.7* 64.2^ 7.3* 29.0* 63.7* 
24 h PI 4.9* 48.8^ 46.3* 8.4^ 42.4^ 49.2* 13.8* 31.2* 55.0* 
* 
Different portions of the small intestine from anterior to posterior end 
are designated as segment (Seg.) 1 through 6. 
1: supranuclear level; 2: nuclear level; 3: subnuclear level. 
J. 
fPI: post inoculation. 
Means in each column with different superscript letters are significantly 
different (P < 0.05). 
Fig. 1. Arrangement of the small intestine for specimen collection. 
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Pyloric region 
Ileal-cecal junction region 
Fig. 2. Anterior part of the small intestine of a pig at 24 h PI. 
The villi are atrophic and covered by low cuboidal epithelial 
cells. Many necrotic epithelial cells and inflammatory cells 
(C) are in the intestinal lumen close to the dome epithelium 
which is partially ulcerated, numerous lymphocytes (arrows) 
which are possibly enclosed by M-cells are present in the 
epithelium. H and E stain, 105X. 
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Fig. 3. Three lymphocytes (L) are enclosed by M-cell (M) and MC-
cells (MC) in the dome epithelium of the lower end of the 
small intestine in a normal control pig. The M-cell is 
partially covered by the loosely and irregularly arranged 
microvilli, and is partially denuded. 8,700X. 
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Fig. 4. Several viral particles resembling TGEV are present in a cyto­
plasmic vesicle (arrow) protruding from the cell surface of an 
M-cell (M) which has large and loosely arranged microvilli. 
The M-cell and MC-cells (MC) enclose at least four lymphocytes. 
The spaces between lymphocytes and M-cells or MC-cells are 
enlarged. Inflammatory cells and cellular debris are found 
in the intestinal lumen. A higher power view (insert) shows 
viral particles (arrows) and junctions between an M-cell 
and an MC-cell (J). 6,000X, 23,000X (insert). 
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Fig. 5. The dome epithelium of the anterior small intestine of a 
pig 24 h PI. Cell 1 (CI) right below the basement membrane 
(arrows) has many cytoplasmic vesicles containing TGEV-
like particles (see Fig. 6). 4,000X. 
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Fig. 6. Higher power view of the cell identified as Cl in Fig. 5. 
reveals variations in the size and configuration of the 
viral particles (arrows). 40,000x. 
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Fig. 7. Deeper portion of the dome area of the PP shown in Fig. 5 
as identified by the vein at the top of the figure. Cell 2 
(C2), thought to be a macrophage, has cytoplasmic vesicles 
which contain TGEV-like particles (see Fig. 8). 4,000X. 

Fig. 8. Higher power view of the cell in Fig. 7 with TGEV-like 
particles (arrows). 40,000X. 
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Fig. 9. Dome epithelium and upper dome of a PP from anterior small 
intestine of a pig 18 h PI. The upper part of the picture 
points to the intestinal lumen. A degenerated lymphocyte 
(DL) which is located in the dome below the basement membrane 
(large arrow) has a prominent nucleolus (N) within a nucleus 
which is undergoing degeneration. Cytoplasm is sparse and 
lacks organelles but has many cytoplasmic processes. Viral 
particles resembling TGEV (small arrows) are found in 
cytoplasmic vesicles. 7,200X. 
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Fig. 10. Higher power view of viral particles (arrows) in the 
cytoplasm of the degenerated lymphocyte (DL) in Fig. 9. 
22,000X. 
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Viral particles resembling TGEV (V) are found between the 
microvilli of an MC-cell (MC) which cooperates with an M-
cell (M) to enclose a lymphocyte (L). A cytoplasmic 
vesicle (arrows) of the M-cell contains numerous small 
viral particles with empty nuclei close to the point of 
contact between the M-cell and the enclosed lymphocyte. 
17,500X. 
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Fig. 12. Dome epithelium of a normal control. MC-cells (MC) and 
cytoplasmic processes of M-cells (arrows) embrace three 
lynçhocytes (1 through 3). M-cell cytoplasm runs between 
and separates the enclosed lymphocytes. The lymphocyte (1) 
is separated from the intestinal lumen only by a thin 
cytoplasmic process of an M-cell. Adenovirus-lilce particles 
are found in the nuclei of three of the four lymphocytes. 
An MC-cell in the upper right corner is also infected by 
the virus. Many empty vacuoles in the cytoplasm of some 
infected cells and increased intercellular spaces are 
present. 6,300X. 

Fig. 13. Higher power view of two lymphocytes with adenovirus-
like particles from Fig. 12. Cytoplasmic processes of 
M-cells separate the lymphocytes (arrow). 20,000X. 
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CONCLUSIONS 
Morphologie structures related to enteric immunity of swine 
were studied by examination of lEL and PP in the small intestine of 
pigs from birth to 8 weeks of age. The first part of the study was 
conducted to obtain an understanding of the morphology of the immune 
apparatus in the small intestine in swine and to establish the technique 
for PAP staining. The remainder of the study involved characterization 
of changes in the lEL and PP resulting from TGEV infection. 
Morphologic observations in the present experiment indicate that: 
1) lEL in the small intestine increase in numbers with age; 2) the 
cells are numerous in the intestinal epithelium; 3) the majority of 
the cells are viable lymphocytes and; 4) some of them are active lym­
phocytes based on the finding of increased numbers of nucleoli, mito­
chondria, RER, and cytoplasmic pseudopod formation. It would appear 
that lEL enter the intestinal epithelium from the lamina propria under 
the influence of an unknown stimulus to fulfill active immunological 
functions, not just for the purpose of final disposal or as immunolo­
gically nonfunctional cells. 
Evidence that lEL are functional was obtained by Singal 
et al. (1976) who found that mucosal lEL consist in part of a 
functional T-cell population . Parrott and Ferguson (1974) found 
that virtually no lEL were present in the epithelium of the intestine 
of congenitally athymic mice and Guy-Grand et al. (1974) demonstrated 
the presence of a T-cell marker on the surface of lEL. These obser­
vations suggest that the majority of the lEL are of T-cell origin and that 
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they have functional capabilities. Our studies indicate that lEL 
were mostly viable and suggest that they actively move in both directions 
between lamina propria and intestinal mucosal epithelium in the small 
intestine. We, therefore, feel that the lEL in the small intestine 
of swine may also have a functional T-cell population as other workers 
suggested in other mammals. 
In certain diseases, lEL appear to have a cytotoxic activity, 
thereby acting as killer cells and contributing to the establishment 
of lesions. A killer cell function of the lEL was proposed by Waksman 
(1964), and Watson et al. (1966) demonstrated that lymphocytes from 
ulcerative colitis patients had a specific cytotoxic effect on normal 
intestinal epithelial cells. In coeliac disease, lEL Increase in 
number during the acute stage (Fry, et al., 1972) and fall to normal 
numbers when gluten free diets are used. The decline to normal numbers 
is accompanied by a decrease in the number of LP lymphocytes (Holmes et al., 
1974). An apparent involvement of IEL in these diseases is indicated. 
Lesions of TGÈ, villous atrophy and crypt hyperplasia, are not 
likely to be of an immunologic origin mediated by lEL. This was supported 
by a lack of significant differences in numbers of lEL between control 
and TGEV-infected pigs; although the specific pathological feature, 
i.e. the thining of the infected epithelium, could have masked any change 
in numbers or positions of IEL in TGEV infection. Observations on the 
lEL in the small Intestine in TGEV-infected pigs at and before 24 h PI 
are hardly useful for visualizing the role of IEL, and they do not give 
any evidence upon which to base conclusions about the immunologic 
function of these cells. Further experiments with longer observation 
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periods after TGEV infection should clarify this point. 
There are many other theories about the functions of lEL; however, 
with existing evidence none of them can fully explain the occurrence 
of lEL in the mucosal epithelium in the small intestine. Shields et al. 
(1969) suggested that lEL may degenerate in the mucosal epithelium. 
This could be true for a small population of the lEL and our observa­
tions indicate that the majority of lEL are viable lymphocytes. Other 
theories suggest that IEL function in some way as defensive cells 
(Andrew and Andrew, 1945), that they assist in defending the intestine 
against the microbial flora (Hellman, 1934), or that they cooperate 
with intestinal epithelial cells to maintain gut flora homeostasis 
(Otto and Weitz, 1972). This lack of consistent results suggests that 
either IEL have multiple functions or that some of the theories are not 
tenable. 
Interactions between luminal antigens and lymphocytes are believed 
to occur in the DE complex of PP (Owen and Jones, 1974b; Abe and I to, 
1978). The DE complex lymphocytes are thought to be of T-cell origin 
(Owen and Nemanic, 1978) and most have the organelle-rich appearance of 
active cells. In the present studies some of the lymphocytes which were 
not enclosed by the M-cells and which were located individually in the 
dome epithelium were also morphologically active and close to the lumen. 
It is possible that these isolated lymphocytes may function as antigen 
recognition cells in a manner similar to M-cell enclosed lymphocytes. 
The lEL in ordinary villi may also belong to the same population. 
The DE complex constitutes a unique immunologic structure in the 
dome epithelium of PP in mammalian small intestine. The results of HRP 
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studies in mice by Owen and Jones (1974a) and of the present experiment 
in TGEV infection of swine suggest that the DE complex is involved in 
the early immunologic response of the gut and is the only immunologic 
organ which has been unequivocally shown to have the capability of 
recognizing luminal antigens. Exposure of the gastrointestinal tract to 
antigens stimulates the immune system in the gut. The activity of T-
cells in PP is markedly increased after administration of mouse tumor 
cells bearing H-2 gene into the mouse intestine (Kagnoff, 1978). Muller-
Schoop and Good (1975) demonstrated that both B-cells and T-cells of PP 
respond to Clostridium spp. One of the most important results of antigenic 
exposure of the gut is antibody formation, especially IgA production 
although other classes of Ig are also involved. Secretory IgA is one 
of the most important Ig in defense against enteric infections. Evi­
dence also indicates that IgA production is greater in intestinal loops 
with PP than in those without PP. For many years, PP in mammals have 
been postulated to be an equivalent to the bursa of Fabricius, the 
central organ for humoral immunity in fowl. However, it is difficult 
to make this conclusion from the available information about PP because 
the repopulation pattern of PP by donor lymphocytes after total body 
irradiation is different from the central immunologic organ, the thymus; 
but similar to the peripheral immunologic organ, the lymph node. 
Peyer's patches in irradiated mice can be repopulated by donor lympho­
cytes from lymph nodes and from thymus, but thymus can only be repopu­
lated by bone marrow cells (Evans et al., 1967). In addition, PP are not 
well-developed in the newborn while comparatively speaking the bursa of 
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Fabricius is. Therefore, PP may very well be a secondary organ in the 
humoral immunity with a remarkably specific function related to the gut. 
The present results indicated that TGEV interacted with the DE 
complex in the dome epithelium, and replicated in the cells of the 
dome. It is possible that the mechanism in immunity to TGEV may be 
similar to that suggested by Lamm (1976), and Walker and Isselbacher 
(1977). Antigen-sensitized lymphocytes in PP may move into regional 
lymph nodes or the spleen to obtain a suitable environment (possibly 
including adherent macrophages) for maturation into antibody producing 
cells. Subsequently immunocytes or imraunoblasts which have surface 
IgA receptors migrate through circulation to the intestinal lamina 
propria. A few IgA precursor cells which originated from PP may also 
seed to bronchial lamina propria. 
Specific antibody to TGEV is present in the blood of convalescent 
swine, and is found to be secreted into the intestinal lumen or into 
the milk for certain periods of time after infection. Most people 
believe that secretory IgA is one of the most important, if not the 
most important, antibody in the defense of swine gut against TGEV in­
fection. In addition, oral inoculation is almost essential for initiation 
of the production of this antibody. Therefore, stimulation of the gut-
associated lymphoid tissues, particularly the PP, should be a feasible 
means for successful immunization. Poor vaccine efficiency could be 
the result of poor antigencity, or of failure of the virus to be 
pinocytosed and processed by the DE complex. Further study is needed. 
Rapid diagnosis of TGEV infection in pigs has been a problem due 
to false negative fluorescent antibody test reactions. Most apparent 
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inaccuracies are blamed either on inappropriate specimen collection 
as related to the course of the disease or to the quality of materials 
used for immunocytochemistry techniques. However, it appears that lack of 
selection of appropriate locations in the small intestine may be a 
significant reason for detection failure. Examination of the PP area 
might improve the sensitivity since all of the dome epithelium examined 
in the study had TGEV particles which could be demonstrated by means 
of electron microscopy. 
The PAP results in these studies were satisfactory. The high 
sensitivity and correlation with lesions demonstrate its value for the 
identification of TGEV in frozen tissues. However, it will have to 
be simplified to reduce the time required for the technique before it 
can be used as a routine diagnostic tool. 
Porcine TGEV infection is a good model for understanding gut 
immunity in general. Swine are available almost anywhere in the world 
at a reasonable cost. They are also relatively easy to handle, and 
the disease is easily induced. It is likely that development of gut 
immunity in the intestines of other animals follows a pattern similar 
to that of TGEV in swine. 
Several points, related to the main subject of this experiment, 
which need to be studied in the future include; 
1. lEL are more prevalent in the anterior than in the posterior 
end of the small intestine. The possible relationship of 
the variation in lEL numbers and the different severity of 
lesions in different regions of the Intestine needs further 
research. 
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2. More work is needed to determine the immunologic function 
of IEL in the small intestine. 
3. Specific information needs to be obtained on migration of 
primed IgA-producing cells from gut to other mucosal 
epithelium such as to the respiratory tract, or vice versa 
in swine. 
4. Events in the sequence of the immune reaction occurring 
subsequent to the antigen recognition reaction in PP during 
TGEV infection should be studied. 
5. Further work on designating the functions of the lymphocytes 
enclosed by M-cells and MC-cells is necessary. 
6. The PP is believed to be the place where luminal antigens 
react with GALT. An explanation should be sought for the 
apparent lack of lesion severity in the ileum of TGEV-infected 
pigs in this study. 
7. The role of PP as an essential component in active immunity 
of TGEV infection needs to be confirmed. 
In these experiments, a few results have been obtained, a few 
questions are answered. However, many more questions are subsequently 
raised. Are all of the problems in the world created by human beings, 
the result of science? 
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